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(57) ABSTRACT

In response to detection of a note-on instruction, a CPU
assigns a tone generating unit comprising two tone generating
channels and sets tone color control data of the assigned tone
generating unit into tone generator registers. The tone color
control data includes a parameter common to the two chan-
nels. Once the CPU gives a tone generation start instruction to
a tone generator, the tone generator accumulates a frequency
number common to the two channels to thereby generate a
progressive phase common to the two channels. Waveform
readout section reads out left-channel and right-channel
waveform data from a waveform memory on the basis of the
phase and waveform selecting information of the left and
right channels. Tone characteristics of the read-out left- and
right-channel waveform data are controlled by a characteris-
tic control section on the basis of a characteristic control
parameter common to the two channels.

8 Claims, 6 Drawing Sheets

1 TONE GENERATION
APPARATUS
21 22

[—;I SOUND
WAVEFORM SYSTEM

MEMORY N

J Ir

B 111 12 1 L
WAVEFORM

GENERATION] , |'READOUT | {CHARGCTERISTIC ) oo

oy 0N [7] SESTIoN SECTION > &0
¥ ¥ 15

s
R,
0 TONE
GENERATION X INERaTION
SECTION
117 3 TONE GENERATION
'gEg—?fJﬂ,o"i REGISTERS
i
GONTROL
SECTION

122



U.S. Patent

Mar. 5, 2013 Sheet 1 of 6 US 8,389,844 B2
Ve 1 TONE GENERATION
APPARATUS
/21 22
SOUND
WAVEFORM SYSTEM
MEMORY (ST
A * A
Ll [R
pHASE111 y112 113 4
WAVEFORM
GENERATION] | READOUT _,CHASS%E%IETIC BIX [ DAC
SECTION SECTION section |1 6D L sp
(128) (256) (256) R
4 f & } 115
| T
WL
GENERATION 20 E(E)NNEERATION
SECTION SECTION
(128)
4
<1172 4 TONE GENERATION
SES—‘F%T,\I,ON REGISTERS
4
4
CONTROL
SECTION
\122

FIG.



U.S. Patent Mar. 5, 2013 Sheet 2 of 6 US 8,389,844 B2
Va 1 TONE GENERATION
21~ APPARATUS
WAVEF?{RM 22~
EMOR
M Mn SOUND
_ SYSTEM
20 Ts%g%gﬁNERATOR READBUTW &0
\ A A
& CACHE | (iR /EFORM
{256) DATA
20a 20b 20¢ A DEG 20F 20g 20h 20i
> »1 (256)
FG PG we |INTEGER int | Joer | focatl | wix ™ oAc
™28 >128)| |(@56)| PART 200 4 (256) [ (256) [>(256) [ D) | | (s7)
Af A A g/E\%!rMAL tu fﬂ 20
? &
|
PEG. 20K LFg | 20m 20n [ ree | [agc CONTROL
(128) (128) az| |a2)| | eNERaoN
Af L3 J L20p | | SECTION
PEePs  PS 5 ¥APs LFoPs  INITIAL VALUE  FEGPs  AEGPs PAs
23 TONE GENERATOR REGISTERS
_ (F 16 BUS >
A 4 A ¥ 3 A I
y y JV \ 4 4
FLASH CONTROL COMMUNICATION
RAM | Ieom | | CPY [V UNIT - |[PISPHAY /0
N1z MN11 10 \13 12 15

FI1G. 2



U.S. Patent Mar. 5, 2013

TONE-GENERATING-UNIT-
SPECIFIC DATA  (128)

Sheet 3 of 6 US 8,389,844 B2

TONE-GENERATING-CHANNEL-
SPECIFIC DATA  (256)

FIG.

3 A

WAVEFORM

DATA

WD1m

WD2sl

WD2sr

WD3sl

WD3sr

FIG. 4

PS (CENT) START ADDRESS (WS)
LFO FREQUENCY | PM DEPTH | [LOOP START ADDRESS (LS)
EM DEPTH AM DEPTH | [END ADDRESS (WE)
PEG RATE PEG LEVEL
e RATE EEGLEVEL] | CONPRESSION INFO.
AEG RATE AEG LEVEL| [OTHER PARAMETERS
PAN (L) PAN (R)
Mod
| Mode | OTHER PARAMETERS FIG. 3B



U.S. Patent Mar. 5, 2013

Sheet 4 of 6 US 8,389,844 B2
WAVEFORM
MANAGEMENT
DATA
STEREO FLAG
WKD 1 WAVEFORM
WKD 2 ADDRESS INFO. 1
WKD 3 WAVEFORM
: ADDRESS INFO. 2
. FUNDAMENTAL PITCH
LOOP INFO,
COMPRESSION INFO.
TONE COLOR
DATA
== NAME OF TONE COLOR
53 WAVEFORM
SELECTING INFO.
TD 3
: PEG PARAMETER

FEG PARAMETER

AEG PARAMETER

LFO PARAMETER

OTHER PARAMETERS

FIG. 5B




U.S. Patent Mar. 5, 2013 Sheet 5 of 6 US 8,389,844 B2

NOTE-ON
EVENT PROCESSING
Y S10

PT < PART NO.
NN < NOTE NO.
VL « VELOCGITY

@ St

DETECT EMPTY UNIT

Y S12

<EMPTY UNIT DETECTED >—ﬁ°——t
YES S14

TRUNCATE UNIT
DETERMINATION
¢ PROCESS

S13 (AU < DETERMINED UNIT)

AU < EMPTY UNIT NO. Y si5
RAPID ATTENUTION
PROGESS ON TWO
CHANNELS OF THE UNIT
STORED IN AU
I |

A

S16

SELECT WAVEFORM DATA ON THE
BASIS OF CURRENT TONE COLOR

DATA OF PART PT, & DETERMINE
MODE v

v St7

SET VARIOUS PARAMETERS INTO
CORRE, REGIONS OF TONE
GENERATOR REGISTER ON THE
BASIS OF THE TONE COLOR
DATA, & PT, NN & VL

* Y Si8

TONE GENERATION
START INSTRUCTION
(GT(AU) < 1)

¢

( END )
FIG. 6




U.S. Patent

Mar. 5, 2013 Sheet 6 of 6 US 8,389,844 B2

NOTE-OFF
EVENT PROCESSING
¥ $20

PT < PART NO.
NN < NOTE NO.

¥ 21

DETECT UNIT CURRENTLY
GENERATING TONE OF NN
IN PART PT

— DU

$22

< SUGH UNIT DETECTED ? >~

YES
* \ 523

RELEASE START
INSTRUCTION

(RT(DU) « 1)

-

—

(EI\}D)

F

PITCH BEND
EVENT PROCESSING
S30

PT < PART NO.
PV < BEND AMOUNT

‘1’ §31

CU « DESIGN/??_TED LEADING

END UNI

L

-

y $32

UNIT CURRENTLY
GENERATING TONE OF
PART NO.PT —DU

$33
<SUCH UNIT DETECTED ?

YES
* / s34

CHANGE VALUE OF PS
(DU) ON THE BASIS OF
BEND AMOUNT PV

¥ s35
CU«DU+1

I1G. 7

NO

Y

{ END )

FIG. &



US 8,389,844 B2

1
TONE GENERATTION APPARATUS

BACKGROUND

The present invention relates to a tone generation apparatus
capable of efficiently generating tones even where the num-
ber of tone generating channels is increased.

Among the conventionally-known tone generation appara-
tus are ones which include: a performance information input
section that receives performance information from any of a
MIDI (Musical Instrument Digital Interface), keyboard,
sequencer, etc.; a control section (CPU) that generates tone
generator parameters for use in tone generation; and a tone
generator section that generates tones on the basis of the tone
generator parameters. In response to input performance infor-
mation, the control section (CPU) performs control process-
ing, such as channel assignment and generation of tone gen-
erator parameters, and supplies a tone generation start
instruction and tone parameters to the tone generator section.
The tone generator section includes a tone generator register
for storing therein tone parameters for use in tone generation,
and a tone generation processing section that performs tone
generation processing. The tone parameters supplied from the
control section (CPU) are stored into the tone generator reg-
ister, and the tone generation processing section performs the
tone generation processing on the basis of the tone parameters
stored in the tone generator register. By the tone generation
processing being performed on the basis of the tone param-
eters stored in the tone generator register like this, a tone is
generated as instructed by the control section (CPU). As the
tone generator section, there has heretofore been known a
waveform-memory type tone generator that includes a wave-
form memory having actual tone waveforms recorded therein
as waveform data. Different waveform data (more specifi-
cally, different waveform data set) is stored for each of vari-
ous tone colors and for each of various pitch ranges in such a
waveform-memory type tone generator, and the tone genera-
tion processing section reads out waveform data correspond-
ing to a tone color and tone pitch of a tone to be generated and
then characteristics of the read-out waveform data are con-
trolled by use of control waveforms, such as a tone volume
control envelope, generated on the basis of the tone generator
parameters. Further, in order to simultaneously generate a
plurality of tones, a plurality of tone generating channels are
formed in the tone generation processing section, and the tone
generation processing is performed time-divisionally in the
individual tone generating channels. Thus, per sampling
period, tone waveform samples are arithmetically generated
in the plurality of tone generating channels, so that tones
corresponding in number to the tone generating channels are
generated.

Once a new tone generation command (i.e., note-on event)
is generated, an empty tone generating channel is detected
and assigned to the tone generation, and a tone is generated in
the assigned tone generating channel. Note that the empty
tone generating channel means a free channel which is not
assigned to generate any tone currently. In such a case, if the
tone generation processing is currently being performed in all
of the tone generating channels, i.e. if all of the tone gener-
ating channels are currently assigned to tone generation, one
of'the tone generating channels which would present the least
influence even if the tone generation in that channel is stopped
on the way is selected. Then, so-called truncate processing is
performed on the selected tone generating channel, in which
the tone volume of the tone being generated in the selected
tone generating channel is attenuated (or dumped) rapidly
and the selected tone generating channel is released for new
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tone generation. Further, it has been a common practice in the
art to select, as the channel where the truncate processing is to
be performed (i.e., truncate channel), the channel where the
tone currently being generated therein is the smallest in vol-
ume among all of the tone generating channels.

Generally, in such tone generation apparatus, an output
section is of a stereo construction, and, in order to generate a
high-quality tone, stereo waveform data are prestored in the
waveform memory so that stereo waveform data correspond-
ing to a tone to be generated is read out from the waveform
memory to generate stereo tones.

In order to perform one stereo tone generation, i.e. for
generation of left-channel and right-channel tones, it has been
conventional for the known tone generation apparatus to use
two tone generating channels. Namely, the control section
(CPU) performs tone generation assignment processing for
assigning two tone generating channels as the left and right
channels to thereby secure or reserve the two tone generating
channels. Further, because tone generator parameters for the
individual tone generating channels (i.e., tone-generating-
channel-specific tone generator parameters) are stored in the
tone generator register, tone generator parameters for the left
and right channels are stored in the tone generator register.
The tone generation processing section reads out, on the basis
of the tone-generating-channel-specific tone generator
parameters, waveform data from the waveform memory at a
rate corresponding to a designated tone pitch and then con-
trols tone characteristics of the read-out waveform data by use
of control waveforms, such as a tone volume control enve-
lope. Namely, in the tone generating channel assigned as the
left channel, left-channel waveform data is read out from the
waveform memory and the tone characteristics of the read-
out waveform data are controlled, on the basis of the tone
generator parameters for the left channel, to generate tone
waveform data of the left channel. Similarly, in the tone
generating channel assigned as the right channel, right-chan-
nel waveform data is read out from the waveform memory
and the tone characteristics of the read-out waveform data are
controlled, on the basis of the tone generator parameters for
the right channel, to generate tone waveform data of the right
channel.

With the aforementioned conventionally-known tone gen-
eration apparatus, where two tone generating channels are
required for generation of stereo tone waveform samples,
there has been a need to increase the number of the tone
generating channels, and there has been a tendency of
increasing the number of tone generating channels capable of
being handled by tone generating integrated circuitry (tone
generator LSI). However, there is also encountered the prob-
lem that the increased number of tone generating channels in
the tone generator section would lead to increased loads of
various processing, such as tone generation assignment pro-
cessing in which, in response to a tone generation instruction,
a tone generating channel is assigned from among a multi-
plicity of tone generating channels that are objects of tone
generator control processing performed by the control section
(CPU), parameter setting processing for setting parameters of
the multiplicity of tone generating channels into the tone
generator register, etc. Also, the increased number of chan-
nels in the tone generator section would lead to an increased
size or scale of the tone generating integrated circuitry. Fur-
thermore, in order to control characteristics of the tone gen-
erating channels currently generating stereo tones in the tone
generation processing section, control processing has to be
performed for both of the left and right channels, and thus, the
load on the tone generation processing section would
increase. In such a case, although monaural tone generation
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requires controlling of characteristics of only one channel, the
stereo tone generation requires simultaneous controlling of
characteristics of the left and right channels within a same
sampling period, because, otherwise, tones different in char-
acteristic between the left channel and the right channel
would be undesirably generated depending on the timing of
tone generation, which would further increase the load on the
tone generation processing section. Examples of such con-
ventionally-known tone generation apparatus are disclosed in
Japanese Patent Nos. 2671690, 3666346 and 2915452.

SUMMARY OF THE INVENTION

In view of the foregoing, it is an object of the present
invention to provide an improved tone generation apparatus
which can minimize an increase in loads of tone generation
assignment processing, parameter setting processing, etc.
even where the number of tone generating channels is
increased.

It is another object of the present invention to provide an
improved tone generation apparatus which can minimize an
increase in the size of tone generating integrated circuitry
even where the number of tone generating channels is
increased.

In order to accomplish the above-mentioned objects, the
present invention provides an improved tone generation appa-
ratus, which comprises: a waveform memory (21) storing a
plurality of stereo waveform data, each stereo waveform data
comprising waveform data of a left-channel waveform and
waveform data of a right-channel waveform; a tone generator
(111, 112, 113, 116) which includes N (N is an integer equal
to or greater than one) tone generating units (111, 112, 113,
116), each tone generating unit reads out waveform data for a
left-channel and a right-channel from said waveform memory
and generates tone waveforms of the left-channel and the
right-channel based on the read-out waveform data; registers
(23) storing control data for the N tone generating units,
control data for each tone generating unit including left-
channel waveform information specifying waveform data of
a left-channel waveform in said waveform memory, right-
channel waveform information specifying waveform data of
a right-channel waveform in said waveform memory, a fre-
quency number for controlling a tone pitch, and a character-
istic control parameter for controlling a tone characteristic;
and a controller (122, 10) which sets control data to said
registers to control tone generation by said tone generator,
wherein said controller (122, 10) being adapted to, in
response to a tone generation command instructing genera-
tion of a new tone: (i) assign (S11-S15) one of the N tone
generating units to generate the new tone instructed by the
tone generation command; (ii) generate (S17) control data for
the new tone including left-channel waveform information
and right-channel waveform information, a frequency num-
ber and a characteristic control parameter which are to be
used for the generation of the new tone, and set the generated
tone control data into said registers, as control data for the
assigned tone generating unit; and (iii) give (S18) to the
assigned tone generating unit a tone generation start instruc-
tion, and wherein said tone generator (111, 112, 113, 116)
being adapted to, by means of each one tone generating unit
in response to the tone generation start instruction given to the
one tone generating unit by said controller: (i) read out (111,
112) waveform data of a left-channel waveform and wave-
form data of a right-channel waveform, specified by the left-
channel and right-channel waveform information, respec-
tively, stored in said registers for the one tone generating unit,
from said waveform memory at a rate corresponding to the
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frequency number stored in said registers for the one tone
generating unit to thereby shift a tone pitch of the waveform
data of the left-channel waveform and a tone pitch of the
waveform data of the right-channel waveform in accordance
with the frequency number; and (ii) control (113, 116) a tone
characteristic of the read-out waveform data of the left-chan-
nel waveform and a tone characteristic of the read-out wave-
form data of the right-channel waveform on the basis of the
characteristic control parameter, stored in said registers for
the one tone generating unit, to thereby generate a tone wave-
form of the left channel and a tone waveform of the right
channel.

According to the present invention, tone generation assign-
ment processing assigns a tone generating unit, comprising
two tone generating channels, to tone generation; namely, in
the tone generation apparatus, the tone generation assignment
processing is performed on the tone generating units that are
half the number of the tone generating channels. Thus, the
present invention can reduce the processing loads on the
control section. Further, because the frequency number and
the characteristic parameter are each common to the two tone
generating channels of the tone generating unit, only one
frequency number and only one characteristic parameter are
to be set per tone generating unit, and thus, the present inven-
tion can significantly reduce a total time required for setting.

In one embodiment, the tone generator includes a phase
generator which, for each of the N tone generating units,
accumulates the frequency number stored in the registers for
the tone generating unit, to thereby generate a progressive
phase common to the left channel and the right channel in the
tone generating unit. More specifically, in response the tone
generation start instruction given to one tone generating unit
by said controller, said phase generator starts accumulation of
the frequency number for the one tone generating unit.

In one embodiment, the tone generator further includes a
waveform reader (112, 20¢, 204, 20f) which, for each of the N
tone generating units, reads out waveform data of a left-
channel waveform from said waveform memory on the basis
of'the progressive phase for the tone generating unit supplied
by said phase generator and the left-channel waveform infor-
mation for the tone generating unit stored in said registers and
reads out waveform data of a right-channel waveform from
said waveform memory on the basis of the progressive phase
for the tone generating unit and the right-channel waveform
information for the tone generating unit stored in said regis-
ters.

In one embodiment, the tone generator further includes a
characteristic controller (113, 116, 20g, 20/, 20%, 20m, 20n,
20p) which, for each of the N tone generating units, controls
the tone characteristic of the waveform data of the left-chan-
nel waveform and the tone characteristic of the waveform of
the right-channel waveform read out by said waveform
reader, on the basis of the characteristic control parameter for
the tone generating unit stored in said tone generator register,
to thereby generate respective tone signals of the left channel
and the right channel for the tone generating unit.

According to the present invention constructed in the
aforementioned manner, the left-channel waveform data and
the right-channel waveform data are read out from the wave-
form memory at a rate corresponding to the same or common
F number and controlled in tone characteristic in accordance
with the same or common characteristic control parameter, to
thereby form a left-channel tone signal and right-channel tone
signal having been controlled in tone pitch and tone charac-
teristic similarly to each other. Further, because the left-chan-
nel tone signal and right-channel tone signal are formed on
the basis of a phase signal common to the left and right
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channels, the number of progressive phases to be generated
by the phase generation section is equal to the number of the
tone generating units that is half the number of simulta-
neously generatable tones, i.e. half the number of the tone
generating channels, and thus, an amount of processing by the
phase generation section can be significantly reduced.

Further, the characteristic control parameter is a control
waveform parameter, and because the control waveform gen-
eration section generates, for each of the tone generating
units, a characteristic control waveform, common to both of
the left channel and the right channel of the tone generating
unit, on the basis of the control waveform parameter, the
number of characteristic control waveforms to be generated
by the control waveform generation section is equal to the
number of the tone generating units that is half the number of
simultaneously generatable tones, and thus, an amount of
processing by the control waveform generation section can be
significantly reduced. Note that the characteristic control
waveform corresponds to any one of a pitch envelope wave-
form (pitch EG waveform), tone volume envelope waveform
(tone volume EG waveform), filter envelope waveform (filter
EG waveform) and low-frequency waveform (LFO wave-
form) described later in relation to an embodiment of the
present invention.

With the aforementioned arrangements, the present inven-
tion can minimize an increase in a size or scale of tone
generating integrated circuitry even where the number of the
tone generating channels is increased.

According to another aspect of the present invention, there
is provided an improved tone generation apparatus, which
comprises: a waveform memory (21) storing a plurality of
stereo waveform data, each stereo waveform data comprising
waveform data of a left-channel waveform and waveform
data of a right-channel waveform and a plurality of monaural
waveform data, each monaural waveform data comprising
waveform data of a monaural waveform; a tone generator
(111, 112, 113, 116) which includes N (N is an integer equal
to or greater than one) tone generating units (time slots), each
tone generating unit operates in either a stereo mode or a
monaural mode indicated by a mode flag for the tone gener-
ating unit, a tone generating unit in the stereo mode reads out
waveform data for a left-channel and a right-channel from
said waveform memory and generates tone waveforms of the
left-channel and the right-channel based on the read-out
waveform data, and a tone generating unit in the monaural
mode reads out waveform data for one channel from said
waveform memory and generates a tone waveform of the one
channel based on the read-out waveform data; registers (23)
storing control data for the N tone generating units, control
data for each tone generating unit including the mode flag,
first waveform information, second waveform information, a
frequency number and a characteristic parameter; and a con-
troller (122, 10) which sets control data to said registers to
control tone generation by said tone generator, wherein said
controller (122, 10) being adapted to, in response to a tone
generation command instructing generation of a new tone: (i)
assign (S11-S15) one of the tone generating units to generate
the new tone instructed by the tone generation command; (ii)
determine (S16) whether the new tone instructed to be gen-
erated by the tone generation command is stereo or monaural;
(iii-a) if the new tone is stereo, generate (S17) control data for
the new tone including a mode flag indicative of the stereo
mode, first waveform information, second waveform infor-
mation, a frequency number and a characteristic parameter
which are to be used for generation of the new tone, and set the
generated control data into said registers, as control data for
the assigned one tone generating unit; (iii-b) if the new tone is
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monaural, generate (S17) control data for the new tone
including a mode flag indicative of the monaural mode, first
waveform information, a frequency number and a character-
istic parameter which are to be used for generation of the new
tone, and set the generated control data into said registers, as
control data for the assigned one tone generating unit; and (iv)
give (S18) to the assigned one tone generating unit a tone
generation start instruction, and wherein said tone generator
(111, 112, 113, 116) being adapted to, by means of each one
tone generating unit in response to the tone generation start
instruction given to the one tone generating unit by said
controller: (a) if the mode flag for the one tone generating unit
stored in said registers is indicative of the stereo mode, (a-i)
read out waveform data of a left-channel or right-channel
waveform, specified by the first waveform information for the
one tone generating unit in said registers, and waveform data
of a right-channel or left-channel waveform, specified by the
second waveform information for the one tone generating
unit in said registers, from said waveform memory at a rate
indicated by the frequency number for the one tone generat-
ing unit in said registers; (a-ii) control a tone characteristic of
the read-out waveform data of the left-channel waveform and
a tone characteristic of the read-out waveform data of the
right-channel waveform on the basis of the characteristic
control parameter of the one tone generating unit in said
registers, to thereby generate a tone waveform of the left
channel and a tone waveform of the right channel; (b) if the
mode flag for the one tone generating unit stored in said
registers is indicative of the monaural mode, (b-i) read out
monaural waveform data, specified by the first waveform
information for the one tone generating unit in said registers,
from said waveform memory at the rate indicated by the
frequency number for the one tone generating unit in said
registers; and (b-ii) control a tone characteristic of the read-
out waveform data of the monaural waveform on the basis of
the characteristic control parameter for the one tone generat-
ing unit in said registers, to thereby generate a monaural tone
waveform.

According to the present invention constructed in the
aforementioned manner, when a tone generation instruction
has been generated, it is only necessary to assign one tone
generating unit to the tone generation irrespective of whether
the instructed tone generation is monaural tone generation or
stereo tone generation. Further, because some data are shared
between the left and right channels of the one tone generating
unit, the quantity of data to be set into the tone generator
register for stereo tone generation can be less than twice the
quantity of data to be set into the tone generator register for
monaural tone generation. Further, when tone generation is to
be started, a tone generation start instruction only has to be
given to the assigned tone generating unit after various
parameters have been set into the tone generator register,
irrespective of whether the instructed tone generation is ste-
reo tone generation or monaural tone generation. Namely,
there is no need to take the trouble of performing control to
simultaneously place both of the left and right channels in a
note-on state even in the case where the instructed tone gen-
eration is stereo tone generation. Further, because at least one
of the F number and the characteristic control parameter is
shared between the left channel and the right channel, the
control section only has to change in real time the value of at
least one of the F number and characteristic control parameter
for one of the two channels of the tone generating unit stored
in the tone generator register, rather than changing in real time
the two parameter values for both of the two tone generating
channels of the tone generating unit, even where the
instructed tone generation is stereo tone generation. Although
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any one of parameters for controlling the above-mentioned
pitch envelope waveform (pitch EG waveform), tone volume
envelope waveform (tone volume EG waveform), filter enve-
lope waveform (filter EG waveform) and low-frequency
waveform (LFO waveform) correspond to the characteristic
control parameter, a release start instruction (note-off con-
struction) other than the aforementioned may also correspond
to the characteristic control parameter.

The following will describe embodiments of the present
invention, but it should be appreciated that the present inven-
tion is not limited to the described embodiments and various
modifications of the invention are possible without departing
from the basic principles. The scope of the present invention
is therefore to be determined solely by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For better understanding of the object and other features of
the present invention, its preferred embodiments will be
described hereinbelow in greater detail with reference to the
accompanying drawings, in which:

FIG. 1 is a block diagram showing an example general
construction of an embodiment of a tone generation apparatus
of the present invention;

FIG. 2 is a block diagram showing an example detailed
construction of the tone generation apparatus shown in FIG.
1

FIGS. 3A and 3B are diagrams showing data stored in tone
generator registers provided in the embodiment of the tone
generation apparatus;

FIG. 4 is a diagram showing a data organization or format
of waveform data stored in a waveform memory provided in
the embodiment of the tone generation apparatus;

FIGS. 5A and 5B are diagrams showing data formats of
waveform management data and tone color data stored in a
flash memory provided in the embodiment of the tone gen-
eration apparatus;

FIG. 6 is a flow chart showing an example operational
sequence of note-on event processing performed in the
embodiment of the tone generation apparatus;

FIG. 7 is a flow chart showing an example operational
sequence of note-off event processing performed in the
embodiment of the tone generation apparatus; and

FIG. 8 is a flow chart showing an example operational
sequence of pitch bend processing performed in the embodi-
ment of the tone generation apparatus.

DETAILED DESCRIPTION

FIG.1is a block diagram showing an example construction
of an embodiment of a tone generation apparatus of the
present invention. In the tone generation apparatus 1 shown in
FIG. 1, which is implemented by tone generating integrated
circuitry, a tone generator section 20 includes N (which is an
integer equal to or greater than one) tone generating units
each comprising two stereo tone generating channels, i.e. left
channel and right channel. For example, if the number of tone
generating channels provided in the tone generator section 20
is 256, then the number of the tone generating units is 128 that
is half the number of tone generating channels. Further, in
order to simultaneously generate a plurality of tones, the tone
generation apparatus 1 is constructed to perform tone genera-
tion processing in a plurality of the tone generating units on a
time-divisional basis per sampling period. Further, because
tone waveform samples of two channels are arithmetically
generated on a time-divisional basis in each of the tone gen-
erating units, tone waveform samples twice the number of the
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tone generating units are arithmetically generated per sam-
pling period. Further, in the tone generation apparatus 1, some
of parameters are shared between the left and right channels
constituting the tone generating unit. Namely, type-1 param-
eters are channel-specific parameters that are to be used indi-
vidually in each of the left and right channels and that are
stored independently for each of the left and right channels in
tone-generating unit storage regions provided in the tone
generator registers 23. Further, type-2 parameters are param-
eters that are to be shared between the left and right channels
and that are stored in the tone-generating unit storage regions
in association with both of the left and right channels, i.e. for
shared use between the left and right channels. Namely, the
tone generator registers 23 includes the tone-generating unit
storage regions for storing N (integer equal to or greater than
one) tone color control data corresponding to the N tone
generating units. Each of the tone color control data includes:
left-channel and right-channel waveform designating infor-
mation each of which is a type-1 parameters to be used for the
tone color in question and which are indicative of waveform
data of stereo left and right channels, respectively; an F (fre-
quency) number which is atype-2 parameter and which deter-
mines a tone pitch common to both of the left and right
channels; and a characteristic control parameter which is also
a type-2 parameter.

A waveform memory 21 of the tone generation apparatus 1
has prestored therein a plurality of pairs of stereo-sampled
left-channel and right-channel waveform data (i.e., left-chan-
nel and right-channel waveform data pairs). Such a left-chan-
nel and right-channel waveform data pair is prestored for each
of various tone colors and for each of various pitch ranges.
However, for tone colors unsuited for stereo tone generation,
monaurally-sampled, monaural waveform data are prestored
in the waveform memory 21.

FIG. 4 shows an example data organization or format
(memory map) of a multiplicity of waveform data prestored
in the waveform memory 21. In the data format shown in FIG.
4, waveform data WD1m is monaural waveform data, and
waveform data WD2s/ and WD2sr are a stereo waveform data
pair, of which the waveform data WD2s/ is left-channel wave-
form data while the waveform data WD2sr is right-channel
waveform data. Similarly, waveform data WD3s/ and WD3s#
are a stereo waveform data pair, of which the waveform data
WD3s/ is left-channel waveform data while the waveform
data WD3sr is right-channel waveform data. A multiplicity of
such monaural waveform data and a multiplicity of such
stereo waveform data are stored in the waveform memory 21.
Each of the left-channel and right-channel waveform data is
not different in nature from monaural waveform data. Thus,
only any one of the left-channel and right-channel waveform
data can be read out as monaural waveform data, as desired.

Further, a phase generation section 111 of FIG. 1 generates
progressive phases for individual ones of the plurality of tone
generating units on a time-divisional basis, at which time, per
tone generating unit, the phase generation section 111 gener-
ates a progressive phase common to the left and right chan-
nels of the tone generating unit by accumulating an F number
(frequency number=pitch information) of the tone generating
unit stored in the tone generator registers 23. The F number
accumulation in each of the tone generating units is triggered
or started in response to a tone generation start instruction
given to the tone generating unit by a control section 122 via
a reception section 117a. Note that, for each of the tone
generating units, the reception section 117a receives a tone
generation start instruction independently of the other tone
generating units.
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Further, for each of the tone generating units, a waveform
readout section 112 reads out, from the waveform memory
21, left-channel waveform data on the basis ofthe phase of the
tone generating unit supplied from the phase generation sec-
tion 111 and left-channel waveform designating information
of'the tone generating unit stored in the tone generator section
23 and right-channel waveform data on the basis of the phase
of'the tone generating unit supplied from the phase generation
section 111 and right-channel waveform designating infor-
mation of the tone generating unit stored in the tone generator
section 23. Such readout of left-channel and right-channel
waveform data by the waveform readout section 112 is per-
formed on a time-divisional basis for the individual tone
generating units.

Furthermore, for each of the tone generating units, a con-
trol waveform generation section 116 generates a character-
istic control waveform, common to both of the left and right
channels and varying in value over time, on the basis of
control waveform parameters of the tone generating unit
stored in the tone generator section 23. The characteristic
control waveform generated by the control waveform genera-
tion section 116 is supplied to a characteristic control section
113, and the characteristic control section 113 controls tone
characteristics of the left-channel and right-channel wave-
form data on the basis of the supplied characteristic control
waveform so that tone signals of the left and right channels of
the tone generating unit are formed. Such characteristic con-
trol waveform generation and tone signal formation is per-
formed on a time-divisional basis for the individual tone
generating units. Examples of the characteristic control
waveform generated by the control waveform generation sec-
tion 116 include a pitch envelope waveform (pitch EG wave-
form) for controlling pitch variation of a tone, tone volume
envelope waveform (tone volume EG waveform) for control-
ling volume variation of a tone, filter envelope waveform
(filter EG waveform) for controlling frequency characteristic
variation of a tone, and low-frequency waveform (LFO wave-
form) for imparting low-frequency modulation to a pitch and
volume of a tone. Further, the tone signal can be imparted
with a vibrato by the LFO waveform generated by the control
waveform generation section 116 being supplied to the phase
generation section 111, and the tone signal can be imparted
with a wah-wah or tremolo effect by the LFO waveform being
supplied to the characteristic control section 113.

Once the control section 122 receives a tone generation
command (note-on instruction) instructing generation of a
new tone by receiving performance information from any of
a MIDI (Musical Instrument Digital Interface), keyboard,
sequencer, etc., the control section 122 performs a process for
assigning any one of the N tone generating units to the
instructed generation of the new tone at later-described steps
S11 to S15, irrespective of whether the instructed generation
is stereo tone generation or monaural tone generation. Then,
the control section 122 forms tone color control data, includ-
ing left-channel and right-channel waveform designating
information, F number and characteristic control parameter,
for use in the instructed generation of the new tone, and sets
(stores) the generated tone color control data into the storage
region, corresponding to the assigned tone generating unit, of
the tone generator registers 23, at later-described steps S16
and S17. Then, the control section 122 instructs the reception
section 1174 to start tone generation of the assigned tone
generating unit, at later-described step S18. If the instructed
tone generation is stereo tone generation, the two channels of
the tone generating unit is instructed to start the tone genera-
tion. Thus, the phase generation section 111 starts accumu-
lation of the F number of the tone generating unit, in response
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to the tone generation start instruction of the tone generating
unit received via the reception section 1174, to generate a
progressive phase common to both of the left and right chan-
nels of the tone generating unit. Then, the waveform readout
section 112, which is supplied with the thus-generated pro-
gressive phase, reads out one lefi-channel waveform data
from the waveform memory 21 on the basis of the phase of the
tone generating unit supplied from the phase generation sec-
tion 111 and left-channel waveform designating information
of the tone generating unit stored in the tone generator regis-
ters 23, and reads out one right-channel waveform data from
the waveform memory 21 on the basis of the phase of the tone
generating unit supplied from the phase generation section
111 and right-channel waveform designating information of
the tone generating unit stored in the tone generator registers
23. Each of the read-out one left-channel waveform data and
the read-out one right-channel waveform data has a tone pitch
shifted from a fundamental pitch (later-described) of the
respective waveform data in accordance with the F number
stored in the tone generator registers 23.

The left-channel waveform data and right-channel wave-
form data read out from the waveform readout section 112 are
controlled on the basis of the characteristic control waveform,
generated by the control waveform generation section 116
and varying over time during tone generation, so that respec-
tive tone waveform samples of the left channel and right
channel of the tone generating unit are formed. Then, the
left-channel tone waveform samples and right-channel tone
waveform samples of the individual tone generating units are
output time-divisionally from the characteristic control sec-
tion 113 to left-channel and right-channel portions, respec-
tively, of an accumulation (MIX) section 114 of a stereo
construction, in which the left-channel tone waveform
samples of the tone generating units allocated within one
sampling period and output to the left-channel portion are
accumulated while the right-channel tone waveform samples
of'the tone generating units allocated within the one sampling
period and output to the right-channel portion are accumu-
lated. Thus, the left-channel tone waveform sample and the
right-channel tone waveform sample accumulated across all
of the tone generating units are output from the MIX section
114 to a DAC (Digital-to-Analog Converter) 115 of a stereo
construction per DAC period (i.e., conversion period of the
DAC 115) that is identical to one sampling period. In the
stereo-constructed DAC 115, the accumulated left-channel
tone waveform sample and right-channel tone waveform
sample are converted into analog left-channel and right-chan-
nel tone signals, respectively. Consequently, stereo tone sig-
nals are audibly generated or sounded from a sound system
(amplifiers and speakers) 22 of a stereo construction.

Respective numbers of processing slots (i.e., time slots of
time divisional processing) that are required for stereo tone
generation in the phase generation section 111, waveform
readout section 112, control waveform generation section
116 and characteristic control section 113 in the tone genera-
tion apparatus 1, where the number of tone generating chan-
nels is set at 256 and the number of the tone generating units
is set at 128, are indicated in the corresponding blocks by
parenthesized numerals in FIGS. 1 and 2. Namely, for the
phase generation section 111 which generates a progressive
phase common to both of the two channels of each of the tone
generating units, the number of the processing slots required
for the phase generation is 128. For the waveform readout
section 112 which reads out, from the waveform memory 21,
waveform data for the two channels of each of the tone gen-
erating units, the number of the processing slots required for
the waveform data readout is 256. Further, for the control
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waveform generation section 116 which generates a control
waveform common to both of the two channels of each of the
tone generating units, the number of the processing slots
required for the control waveform generation is 128. For the
characteristic control section 113 which controls tone char-
acteristics of waveform data for the two channels of each of
the tone generating units, the number of the processing slots
required for the tone characteristic control is 256.

Note that, once monaural tone generation is instructed to
any one of the tone generating units, the waveform readout
section 112 reads out one monaural waveform data from the
waveform memory 21 on the basis of the left-channel wave-
form designating information or right-channel waveform
designating information. Namely, the waveform readout sec-
tion 112 reads out, from the waveform memory 21, waveform
data of only one of the two channels of the tone generating
unit. Tone characteristics of the monaural waveform data read
out by the waveform readout section 112 are controlled in the
characteristic control section 113 in accordance with a char-
acteristic control waveform, generated by the control wave-
form generation section 116 and varying over time during
tone generation, so that a monaural tone waveform sample is
output to the left-channel and right-channel portions of the
MIX section 114. As noted above, the MIX section 114, DAC
115 and sound system 22 are each constructed in a stereo
manner, and the characteristic control section 113 outputs the
same monaural tone waveform sample from one of the chan-
nels of the tone generating unit to the left-channel and right-
channel portions of the MIX section 114 with a tone volume
based on a panning parameter. The tone waveform sample
thus output to the left-channel and right-channel portions of
the MIX section 114 is accumulated with tone waveform
samples of the other tone generating units output to the left-
channel and right-channel portions of the MIX section 114,
and the resultant accumulated tone wave samples are output
from the left-channel and right-channel portions of the MIX
section 114 to the DAC 115. The accumulated tone wave
samples of the left and right channels are then converted, per
DAC period, by the DAC 115 of the stereo construction into
analog tone signals of the left and right channels that are
sounded or audibly generated via the sound system 22 of the
stereo construction. In this case, stereo signals for stereo tone
generations and monaural signals for monaural tone genera-
tion are audibly generated in a mixed fashion from the sound
system 22.

In the instant embodiment of the tone generation apparatus
1, as set forth above, two tone signals, i.e. left-channel and
right-channel tone signals, are formed on the basis of a phase
signal common to the left and right channels per tone gener-
ating unit, and thus, the number of progressive phases to be
generated by the phase generation section 111 is equal to the
number of the tone generating units that is half the number of
simultaneously generatable tones. In this way, it is possible to
reduce the amount of processing and thus reduce the scale of
the circuitry. Because precise pitch control is generally
required for tone generation and the phase generation section
111 generates a progressive phase of a bit length exceeding 20
bits, the scale of the circuitry tends to increase. Further,
because the control waveform generation section 116 gener-
ates a control waveform common to the left and right channels
per tone generating unit on the basis of characteristic control
parameter of the tone generating unit, the number of control
waveforms to be generated by the control waveform genera-
tion section 116 is equal to the number of the tone generating
units that is half the number of simultaneously generatable
tones, and thus, it is possible to reduce an amount of process-
ing to be performed by the control waveform generation
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section 116 and reduce the scale of the circuitry. Further,
because the channel assignment to tone generation is per-
formed on the tone generating units (i.e., on a tone-generat-
ing-unit-by-tone-generating-unit basis) that are half the num-
ber of the tone generating channels, the instant embodiment
can reduce the processing load on the control section 122
even in a case where truncate processing is performed. In the
channel assignment to tone generation, the processing load
amount would increase exponentially depending on the num-
ber of tone generating channels or tone generating units to be
assigned. Further, because the F number and characteristic
control parameter are also shared between the two channels in
each of'the tone generating units and the same F number and
characteristic control parameter only have to be set per tone
generating unit, the instant embodiment can reduce the time
necessary for the control section 122 to set the characteristic
control parameters into the tone generator registers 23 and
thus reduce the size or scale of the tone generator registers 23.

Further, in the instant embodiment of the tone generation
apparatus 1, which is capable of executing both stereo tone
generation and monaural tone generation, it is only necessary
to assign one tone generating unit in response to a tone gen-
eration instruction irrespective of whether the instructed tone
generation is stereo tone generation or monaural tone genera-
tion. Further, for each tone generating unit via which stereo
tone generation is to be performed, the waveform readout
section 112 reads out, from the waveform memory 21, left-
channel waveform data and right-channel waveform data at a
rate corresponding to the same F number, and a predeter-
mined characteristic of the read-out left-channel and right-
channel waveform data is controlled by the characteristic
control section 113 in accordance with the same characteris-
tic control parameter (or characteristic control waveform
based on the characteristic control parameter) so that a left-
channel tone signal and a right-channel tone signal having
been controlled in tone pitch and tone characteristic similarly
to each other are formed. In this case, because the left-channel
tone signal and the right-channel tone signal are formed on
the basis of the same or common phase signal, the number of
progressive phases to be generated by the phase generation
section 111 is equal to the number of the tone generating units
that is half the number of the tone generating channels, and
thus, it is possible to reduce the amount of processing and thus
reduce the scale of the circuitry. Further, because the control
waveform generation section 116 generates a control wave-
form common to the left and right channels on the basis of the
same characteristic control parameter per tone generating
unit, the number of control waveforms generated to be by the
control waveform generation section 116 is equal to the num-
ber of the tone generating units that is half the number of
simultaneously generatable tones, and thus, it is possible to
reduce the amount of processing to be performed by the
control waveform generation section 116 and reduce the scale
of'the circuitry. Note that the characteristic control waveform
to be generated by the control waveform generation section
116 is any one of the pitch envelope waveform (pitch EG
waveform), volume envelope waveform (tone volume EG
waveform), filter envelope waveform (filter EG waveform)
and low-frequency waveform (LFO waveform).

Because the F number and the characteristic control
parameter are shared between the left channel and the right
channel as noted above, the quantity of data to be set into the
tone generator registers 23 for stereo tone generation can be
less than twice the quantity of data to be set into the tone
generator registers 23 for monaural tone generation. Thus, the
setting time required of the control section 122 can be sig-
nificantly reduced. Further, after various parameters have
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been set into the tone generator registers 23, it is only neces-
sary that a tone generation start instruction be given to the
assigned tone generating unit, irrespective of whether the
instructed tone generation is stereo tone generation or mon-
aural tone generation; namely, there is no need to take the
trouble of performing control to simultaneously place both of
the left and right channels in a note-on state even in the case
where the instructed tone generation is stereo tone generation.
Further, because the F number and the characteristic control
parameter are shared between the left channel and the right
channel as noted above, the control section 122 only has to
change in real time the value of the F number and the char-
acteristic control parameter of the tone generating unit in
question stored in the tone generator registers 23, rather than
changing in real time two parameter values of the two tone
generating channels of the tone generating unit, even where
the instructed tone generation is stereo tone generation, and
thus, the instant embodiment can reduce the amount of pro-
cessing to be performed by the control section 122.

The instant embodiment of the tone generation apparatus 1
of the present invention shown in FIG. 1 is implemented by
the tone generating integrated circuitry. Because the process-
ing amounts of some of the components (blocks) can be
reduced as noted above, it is possible to minimize the size or
scale of an integrated circuit of the tone generator section 20
that generates tones, even where the number of the tone
generating channels is increased.

FIG. 2 is a block diagram showing an example detailed
construction of the tone generation apparatus 1 shown in FIG.
1. The tone generation apparatus 1 shown in FIG. 2 performs
the same tone generating processing and achieves the same
behavior and advantageous benefits as the tone generation
apparatus 1 shownin FIG. 1, and blocks indicated by the same
reference numerals as in FIG. 1 represent generally the same
functions as those shown in FIG. 1.

In the tone generation apparatus 1 shown in FIG. 2, the tone
generator section 20 includes N (which is an integer equal to
or greater than one) tone generating units each consisting of
left and right channels for executing stereo tone generation, as
noted above in relation to FIG. 1. For example, if the number
of'the tone generating channels provided in the tone generator
section 20 is 256, then the number of the tone generating units
is set at 128 that is half the number of the tone generating
channels. Further, in order to simultaneously generate a plu-
rality of tones, the tone generation apparatus 1 is constructed
to perform tone generation processing in the individual tone
generating units on a time-divisional basis per sampling
period. Further, because tone waveform samples are arith-
metically generated in individual ones of the two channels in
each one of the tone generating units, tone waveform samples
that are twice the number of the tone generating units are
arithmetically generated per sampling period.

In the tone generation apparatus 1 shown in FIG. 2, a CPU
(Central Processing Unit) 10 is the control section which
executes various programs, pertaining to tone generation, to
control various functions and processing including tone gen-
eration processing in the tone generation apparatus 1. A flash
ROM (Read-Only Memory) 11 is a rewritable non-volatile
memory which stores therein a tone generation processing
program for execution by the CPU 10 and various data, such
as tone color data. A RAM (Random Access Memory) 12 is a
volatile main memory in the tone generation apparatus 1, and
a working area for use by the CPU 10 and other storage
regions are set in the RAM 12. A control unit 13 is a perfor-
mance control unit, such as a keyboard, and including various
switches, and a user can give various instructions to the tone
generation apparatus 1 by operating the various switches.
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Further, a display device 14 displays various information at
the time of tone generation. A communication I/O 15 is an
interface capable of inputting or receiving performance infor-
mation etc. from external equipment, and this communication
1/0 15 is, for example, in the form of a MIDI interface for
transmitting and receiving MIDI messages to and from exter-
nal equipment. Under control of the CPU 10, the tone gen-
erator section 20 reads out, from the waveform memory 20,
waveform data necessary for tone generation, performs pro-
cessing, such as interpolation, envelope impartment and
channel accumulation (mixing), on the read-out waveform
data, and output the thus-processed waveform data as analog
tone waveform signals. In the illustrated example of FIG. 2,
two arrows are depicted from an accumulation section (MIX)
20i to the sound system 22, so as to clearly show that two data
of'a stereo format pass from the accumulation section (MIX)
20/ to the sound system 22. The remaining one arrow indi-
cates that a plurality of signals pass on a time-divisional basis,
rather than indicating that only one data passes. For example,
128 data, corresponding to the 128 tone generating units, are
supplied on a time-divisional basis, from an F number gen-
erator (FG) 20a to a phase generator (PG) 205. Tone wave-
form signals output from the tone generator section 20 are
supplied to the sound system 22 so that stereo tones will be
sounded or audibly generated through the sound system 22.
Note that various components including the above-men-
tioned are interconnected via a bus 16.

In the tone generator registers 23 of the tone generator 20
are set 128 tone color control data corresponding to the 128
tone generating units. The tone color control data are each
formed by the CPU 10 performing processing responsive to a
note-on instruction (tone generation instruction) and set into
respective regions provided in the tone generator registers 23
in corresponding relation to the tone generating units. The
tone color control data thus set into the regions of the tone
generator registers 23 include data pertaining to the indi-
vidual tone generating units (i.e., “tone-generating-unit-spe-
cific data”) as shown in FIG. 3A, and data pertaining to the left
channel and right channels of the tone generating units (i.e.,
256 tone generating channels) (i.e., “tone-generating-chan-
nel-specific data”) as shown in FIG. 3B.

The tone-generating-unit-specific data shown in FIG. 3A
comprises: pitch shift data (PS) represented in a cent value;
LFO parameters (LFOPs) including an LFO frequency, PM
depth, FM depth and AM depth; PEG parameters (PEGPs)
including PEG rates and PEG levels of individual states; FEG
parameters (FEGPs) including FEG rates and FEG levels of
individual states; AEG parameters (AEGPs) including AEG
rates and AEG levels of individual states; panning data
(PANS) including left-channel panning data (PAN(L)) and
right-channel panning data (PAN(R)); and a mode flag
(Mode) indicative of any one of a stereo tone generation mode
and monaural tone generation mode. The above-mentioned
pitch shift data (PS) is data for controlling an amount by
which waveform data read out from the waveform memory is
to be shifted in tone pitch, and it is an F number in a cent scale.
While the F number generator (FG) 20a generates an F num-
ber in a linear scale of frequency ratios as will be described
later, the pitch shift data (PS) is a principal factor that deter-
mines a value of the F number to be generated by the F
number generator (FG) 20a. The pitch shift data (PS) has a
resolution of one cent, and an interpolator is provided for
smoothing variation of the value of the F number in such a
manner that there occurs no noise even when the value of the
F number is changed in real time. Of the above-mentioned
parameters, each parameter with a lower-case “‘s” attached at
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the end of an upper-case acronym of the parameter indicates
that the parameter is not a single parameter and comprises a
plurality of parameters.

Further, the tone-generating-channel-specific data, per-
taining to the left or right channel of a tone generating unit,
shown in FIG. 3B comprises: waveform address parameters
(WAPs) including a start address (WS) that is waveform
designating information of the channel in question, loop start
address (LS) and end address (WE); compression informa-
tion for controlling decompression of waveform data if the
waveform data is in compressed form; and other parameters
including loop information for controlling loop readout. In
the monaural tone generation mode, monaural waveform data
is designated by left-channel waveform designating informa-
tion; right-channel waveform designating information is not
used in the monaural tone generation mode.

The above-mentioned three addresses WS, LS and WE are
absolute addresses of the waveform memory in the illustrated
example. Alternatively, only any one of the three addresses
WS, LS and WE may be made an absolute address of the
waveform memory with the remaining two addresses made
relative addresses to the absolute address. For example, the
loop start address LS may be made an absolute address with
the start address WS and end address WE made relative
addresses to the loop start address LS. In such a case, the two
relative addresses may be made common to both of the two
channels of the tone generating unit in question and included
in the tone-generating-unit-specific data of FIG. 3A. Namely,
the waveform designating information employed in the
present invention corresponds to at least one of the three
addresses WS, LS and WE which is an absolute address of the
waveform memory.

Furthermore, the tone generator registers 23 include, in
addition to the regions corresponding to the tone generating
units as shown in FIGS. 3A and 3B, a region of a tone
generation start flag GT (GU) instructing a start of tone gen-
eration to each ofthe tone generating units GU and a region of
a release start flag RT (GU) instructing a start of release to
each of the tone generating units GU.

The flash ROM 11 has stored therein a plurality of wave-
form management data for managing the plurality of wave-
form data recoded in the waveform memory 21, and a plural-
ity of tone color data that are parameters of a plurality of tone
colors selectable in the tone generation apparatus 1. The
instant embodiment of the tone generation apparatus 1 is a
multi-part tone generator, which, for each of the parts, can
selecta tone color from among the plurality of tone colors and
set the selected tone color as a tone color of that part. Then, in
the tone generation apparatus 1, tones are generated, in accor-
dance with performance information of the individual parts,
with respective tone colors set for the parts. FIG. 5A shows a
data organization or format of the waveform management
data, and FIG. 5B shows a data organization or format of the
tone color data. In waveform data readout from the waveform
memory 21, any one of the waveform data is selected by
reference to tone color data of a tone color set in a tone
generator part, and the selected waveform data is read out
from the waveform memory using the management data cor-
responding to the selected waveform data.

The waveform management data shown in FIG. 5A are
data necessary for reading out waveform data from the wave-
form memory 21, and each of the waveform management data
corresponds to a stereo waveform data pair or monaural
waveform data stored in the waveform memory 21. “WKD1”
represents waveform management data corresponding to
monaural waveform data WD1m, “WKD2” represents wave-
form management data corresponding to a stereo waveform
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data pair comprising waveform data WD2s/ and waveform
data WD2sr. Further, “WKD3” represents waveform man-
agement data corresponding to a stereo waveform data pair
comprising waveform data WD3s/ and waveform data
WD3sr. Each of the waveform management data has a similar
data format irrespective of whether the corresponding wave-
form data is a stereo waveform data pair or monaural wave-
form data, and it includes a stereo flag, first waveform address
information (“waveform address information 1), second
waveform address information (“waveform address informa-
tion 2”), fundamental pitch, loop information and compres-
sion information, as specifically shown in relation to the
waveform management data WKD2. The stereo flag set at a
value “1” indicates that the corresponding waveform data is a
stereo waveform data pair, while the stereo flag set at a value
“0” indicates that the corresponding waveform data is mon-
aural waveform data. When waveform data for which the
stereo flag is set at the value “1” has been selected for new
tone generation, the mode flag indicative of the stereo tone
generation mode is set into the tone generator region corre-
sponding to a tone generating unit assigned to that tone gen-
eration, while, when waveform data for which the stereo flag
is set at the value “0” has been selected for new tone genera-
tion, the mode flag indicative of the monaural tone generation
mode is set into the tone generator register region correspond-
ing to the tone generating unit assigned to that tone genera-
tion.

The above-mentioned first waveform address information
(“waveform address information 1”) indicates a stored posi-
tion of monaural waveform data in the waveform memory 21
in the case where the stereo flag is at the “0”, but indicates a
stored position of left-channel waveform data in the wave-
form memory 21 in the case where the stereo flag is at the “1”.
The first waveform address information includes information
of a start address, loop start address and end address of the
monaural waveform data or left-channel waveform data. The
second waveform address information (“waveform address
information 2”°) is non-used information in the case where the
stereo flag is set at the “0”, but information indicative of a
stored position of the right-channel waveform data in the case
where the stereo flag is set at the “1”. The second waveform
address information comprises information of a start address,
loop start address and end address of right-channel waveform
data. The above-mentioned fundamental pitch is information
indicative of a pitch of the waveform data when read out with
no pitch shift (i.e., F number=1). The loop information com-
prises information indicative of whether or not loop readout is
to be performed, information for correcting a pitch of a loop
section for adjusting a pitch of the start of a loop waveform to
a pitch of the end of an attack waveform, etc. Further, the
compression information comprises information indicative
of whether or not the waveform data is in compressed form,
compression scheme information indicative of a data com-
pressed scheme used if the waveform data is in compressed
form, and compression coefficient information for canceling
compression of a leading frame. At the start of tone genera-
tion of the tone generating unit, the CPU 10 sets these infor-
mation into the region, corresponding to or allocated to the
tone generating unit, of the tone generator registers 23. A
waveform address generator 20c, readout & cache section
20d, decoder 20e, etc. are controlled on the thus-set informa-
tion.

Further, as shown in FIG. 5B, a plurality of tone color data
TD1,TD2, TD3, ... of a plurality of tone colors are stored in
the flash ROM 11. As specifically shown in relation to the tone
color data TD2, each of the tone color data includes: a name
of the tone color, waveform selecting information; PEG



US 8,389,844 B2

17

parameter, FEG parameter, AEG parameter and LFO param-
eter common to the left and right channels; and other param-
eters.

The above-mentioned waveform selecting information is
information for selecting waveform data (more specifically,
waveform management information for reading out the wave-
form data) to be used for generating a tone corresponding to
a tone generation instruction in accordance with a tone pitch
(note number) and performance intensity (velocity) accom-
panying the tone generation instruction. For example, in
response to a note-on instruction generated by depression of
akey of akeyboard provided as the control unit 13, waveform
selecting information of tone color data of a tone color set for
the keyboard part is referenced in accordance with the note
number and velocity accompanying the note-on instruction,
so that waveform management data corresponding to one
stereo waveform data pair or monaural waveform data is
selected.

The above-mentioned PEG parameter, FEG parameter and
AEG parameter are parameters for controlling a pitch EG
waveform, filter EG waveform and tone volume EG wave-
form, respectively, each having a broken-line shape having a
plurality of states, and each of the PEG parameter, FEG
parameter and AEG parameter includes parameters of rates
and levels of the individual states and parameters for adjust-
ing the rate and level of one or some of the states in accor-
dance with the note number and velocity. The plurality of
states of the tone volume EG waveform, for example, com-
prise five states, i.e. attack (or hold), first decay, second decay,
sustain and release. The attack (or hold) is increased or
decreased in level in accordance with the velocity. The LFO
parameter comprises information of an LFO frequency for
controlling a frequency of an LFO waveform to be generated,
a PM depth for controlling an amplitude of the LFO wave-
form to modulate a pitch of a tone (pitch modulation depth),
an FM depth for controlling the amplitude of the LFO wave-
form to modulate a frequency characteristic of the tone (filter
modulation depth) and an AM depth for controlling the
amplitude of the LFO waveform to modulate an amplitude of
the tone (amplitude modulation depth).

Once a new note-on instruction instructing a start of gen-
eration of a tone is detected in the tone generation apparatus
1, the CPU 10 performs note-on event processing as flow-
charted in FIG. 6. In the note-on event processing, the CPU 10
first performs a tone generation assignment process for
assigning an tone generating unit to generate a new tone
corresponding to the note-on and sets tone color control data,
comprising various parameters of the new note-on, into the
region, allocated to the tone generating unit, of the tone gen-
erator registers 23 (see FIGS. 3A and 3B). Then, in response
to the CPU 10 setting the tone generation start flag GT of the
tone generating unit, the tone generator section 20 starts tone
generation, corresponding to the new note-on, in the assigned
tone generating unit, using the tone color control data set in
the allocated region. Ifthe mode flag is indicative of the stereo
tone generation mode at that time, then stereo tone signals are
generated from the tone generator section 20 and output to the
sound system 22, while, if the mode flag is indicative of the
monaural tone generation mode at that time, then a monaural
tone signal is generated from the tone generator section 20
and output to the sound system 22.

The following describe the note-on event processing in
greater detail. “Note-on” is an instruction (MIDI message)
that instructs a start of generation of a new tone, and such a
note-on has, as parameters, a part number indicating of which
part the note-on is an instruction (i.e., to which part the
note-on instruction is directed), a note number indicative of a
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pitch of the tone to be generated, and a velocity indicative of
anintensity of the tone. For example, once any one of the keys
is depressed on the keyboard provided as the control unit 13,
anote-on message is generated which includes a part number
indicative of a part controlled by the keyboard, a note number
of'the depressed key and a velocity indicative of a depressing
velocity of the key. In an automatic performance of music
piece data of a plurality of parts, note-on messages of the
individual parts are generated. In some cases, a note-on mes-
sage is received from external equipment via the communi-
cation /O 15.

Once any one of such note-on messages is detected, the
CPU 10 starts the note-on event processing shown in FIG. 6.
First, the CPU 10 takes out the part number, note number and
velocity from the note-on message generated at step S10 and
stores the part number, note number and velocity into regions
PT, NN and VL, respectively, secured in the working area of
the RAM 12. Next, a detection operation is performed, at step
S11, for detecting, from among all of the tone generating
units, an empty tone generating unit currently not assigned to
tone generation, and a determination is made, at step S12, as
to whether or not any empty tone generating unit has been
detected in the detection operation. Note that the empty tone
generating unit means a free unit which is not assigned to
generate any tone currently. If any empty tone generating unit
has been detected as determined at step S12, the CPU 10
proceeds to step S13, where it stores a unit number of the
detected empty tone generating unit into a region AU secured
in the working area of the RAM 12. If, on the other hand, no
empty tone generating unit has been detected as determined at
step S12, the CPU 10 branches to step S14, where it performs
a truncate unit determination process to store the unit number
of'a determined truncate tone generating unit into the above-
mentioned region AU.

More specifically, in the truncate unit determination pro-
cess, the CPU 10 determines, from among all of the parts, an
object-of-search part, such as a part having a low priority for
tone generation, through which a truncate tone generating
unit is to be searched. The RAM 12 includes the regions for
recording part numbers, note numbers etc. of tones being
sounded in the individual tone generating units, and the CPU
10 detects tone generating units currently generating tones in
the determined part, by referencing information recorded in
the regions of the RAM 12. Then, the CPU 10 detects, from
among the detected tone generating units, a particular tone
generating unit of which a sum between levels of an ampli-
tude of left-channel waveform data and a tone volume EG
waveform is the smallest of tone volume levels of two-chan-
nel tones currently audibly generated in the detected tone
generating units. This is because a tone is generated in the left
channel of each of the tone generating units in the monaural
tone generation mode. The CPU 10 stores the unit number of
the determined truncate tone generating unit into the region
AU, after which the truncate unit determination process is
brought to an end.

Upon termination of the truncate unit determination pro-
cess at step S14, the CPU 10 performs a rapid attenuation
process (dump process) at step S15 on tones of the left and
right channels being generated in the tone generating unit of
the unit number stored in the region AU. So far, one tone
generating unit has been assigned to generation of the new
tone, and the number of the assigned tone generating unit has
been stored in the region AU. Upon termination of the opera-
tion of step S13 or S15, the CPU 10 proceeds to step S16,
where waveform data is selected in accordance with the
waveform selecting information of the tone color data (FIG.
5B) of the tone color currently set in the part indicated by the
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partnumber ofthe region PT. Then, the CPU 10 references the
stereo flag of the waveform management data (FIG. 5A)
corresponding to the selected waveform data, so that, if the
waveform data is a stereo waveform data pair, the CPU 10
determines the stereo tone generation mode as the tone gen-
eration mode while, if the waveform data is monaural wave-
form data, the CPU 10 determines the monaural tone genera-
tion mode as the tone generation mode.

Then, at step S17, the CPU 10 determines values of various
parameters (tone color control data) to be used for generation
of the new tone, on the basis of the above-mentioned tone
color data and the part number, note number and velocity
stored in theregions PT, NN and VL. Then, the CPU 10 set the
determined parameters into storage regions (FIGS. 3A and
3B), corresponding to the unit number stored in the region
AU, of the tone generator registers 23. The various param-
eters set by the CPU 10 are tone color control data including,
among others: the mode flag indicative of the determined tone
generation mode; left-channel and right-channel waveform
designating information of the waveform data selected in
accordance with the waveform selecting information in the
tone color data of the current tone color, the note number and
the velocity value; loop information; compression informa-
tion; LFO parameters, PEG parameters, FEG parameters and
AEG parameters included in the tone color data of the current
tone common to the left and right channels and processed in
accordance with the note number and velocity value; pitch
shift data (F number in the cent scale) based on a difference
between the above-mentioned note number and the funda-
mental pitch; and panning data. Note, however, that the right-
channel waveform designating information has to be set only
in the stereo tone generation mode and need not be set in the
monaural tone generation mode (because, in the monaural
tone generation mode, the right-channel waveform designat-
ing information has no information to be set). After having set
the tone color data into the region AU at step S17, the CPU 10
goes to step S18, where the CPU 10 writes a value “1” into the
tone generation start flag GT(AU) of the tone generator reg-
isters 23 to thereby give a tone generation start instruction to
the tone generating unit indicated by the unit number stored in
the region AU. In this manner, the note-on event processing is
brought to an end, and the tone generator 20 starts, in the
assigned tone generating unit, generation of tones of the left
and right channels (stereo tone generation mode) or genera-
tion of a tone of a monaural channel (monaural tone genera-
tion mode) in response to the tone generation start instruction
(GT(AU)=—1) and on the basis of the set tone color data.

The instant embodiment is characterized in that, irrespec-
tive of whether the instructed tone generation is in the stereo
tone generation mode or in the monaural tone generation
mode, substantively the same operations are performed in the
tone generation assignment process of steps S12 to S15 and
the tone generation start process of step S18 that are indicated
by “*”; namely, the tone generation assignment process and
tone generation start process are substantively the same
between the stereo tone generation mode and the monaural
tone generation mode.

The following describe behavior of various components of
the tone generator section 20 in a time slot of the tone gener-
ating unit for which the mode flag is set at the value indicative
of the stereo tone generation mode (i.e., the tone generating
unit set in the stereo tone generation mode), when a tone is to
be generated in the tone generating unit.

In the time slot of the tone generating unit, the F number
generator (FG) 20q is supplied with modulation data (LFO
waveform adjusted in amplitude with a PM depth) from an
LFO 20m, pitch shift data (PS) from the tone generator reg-
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isters 23 and a pitch EG waveform from a pitch envelope
generator (PEG) 20%. In the F number generator (FG) 20a, the
supplied three data are added together and converted from the
cent scale to the linear scale, so that an F number common to
the left and right channels of the tone generating unit is
generated. In this case, the above-mentioned three data are
each data represented in a cent value, and the pitch shift data
(PS) supplied directly from the tone generator registers 23 is
data indicating, in a cent value, a difference between a tone
pitch (fundamental pitch shown in FIG. 5A) at which wave-
form data to be read out from the waveform memory 21 was
originally recorded and a pitch (note number) of a tone to be
generated. The F number generated by the F number genera-
tor 20aq is linear-value data whose rough value is determined
by the pitch shift data and subjected to relatively small adjust-
ment based on the modulation data and pitch EG waveform.
When a tone is to be generated at the same pitch as the pitch
at which the waveform data was originally recorded, for
example, the pitch shift data (PS) is set at “0”, and the F
number to be generated by the F number generator 20q in this
caseis setat “1”, if data supplied as adjusting values from the
LFO 20m and PEG 20% are ignored. The F number generated
by the F number generator 20q is supplied to the phase gen-
erator (PG) 205. Then, in the time slot of the tone generating
unit in question, the phase generator (PG) 205 accumulates an
F number supplied per sampling period and outputs a result-
ant accumulated value to a waveform address generator
(WAG) 20c. More specifically, the upper bits of the accumu-
lated value output from the phase generator (PG) 205 to the
waveform address generator (WAG) 20c¢ constitute an inte-
gral part of a phase that is common to the left and right
channels of the tone generating unit and that is designed to
create a read address, while the lower bits of the accumulated
value constitute a decimal part of the phase. The F number
accumulation in the phase generator 205 is started with zero
(“0”) as an initial value in response to a tone generation
instruction (GT) given to the tone generating unit via the
reception section of the tone generator registers 23. The inte-
gral part of the phase generated is data designating a position
of a sample of the waveform data, while the decimal part is
data designating a middle point between two adjoining
samples of the waveform data.

Further, in the slot of the tone generating unit in question,
PEG parameters (PEGPs), comprising a PEG rate and PEG
level of each state and common to the left and right channels,
are supplied from the tone generator registers 23 to the PEG
20%. On the basis of the PEG parameters, the PEG 20% gen-
erates a pitch EG waveform which has a plurality of states,
which is common to the left and right channels of the tone
generating unit and which varies in value every sampling
period, and the thus-generated pitch EG waveform is supplied
to the FG 20a. The generation of the pitch EG waveform is
triggered or started in response to the tone generation instruc-
tion (GT) of the tone generating unit supplied from the tone
generator registers 23. By the pitch EG waveform being sup-
plied to the F number generator (FG) 20q, the rate of data
readout from the waveform memory 21 is modulated as
appropriate in accordance with the pitch EG waveform, and a
pitch modulation effect is imparted to an attack pitch etc.

Furthermore, in the slot of the tone generating unit in
question, waveform address parameters (WAPs), comprising
left-channel waveform designating information including a
start address, loop start address and end address of left-chan-
nel waveform data, right-channel waveform designating
information including a start address, loop start address and
end address of right-channel waveform data and loop infor-
mation, are supplied from the tone generator registers 23 to
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the waveform address generator (WAG) 20c. Then, the wave-
form address generator (WAG) 20c¢ generates waveform
addresses for the left and right channels of'the tone generating
unit on the basis of the waveform address parameters (WAPs)
and the integral part of the phase. In each of the channels of
the tone generating unit for which has been set loop informa-
tion indicating that loop readout is not to be performed, a
waveform addresses is generated which advances, at the same
rate as a sampling-period-by-sampling-period incrementing
rate of the integral part of the phase, from a sample position
indicated by the start address to a sample position indicated
by the end address. In each of the channels of the tone gen-
erating unit for which has been set loop information indicat-
ing that loop readout is to be performed, on the other hand, a
waveform address is generated which first advances, at the
same rate as the sampling-period-by-sampling-period incre-
menting rate of the integral part of the phase, from a sample
position indicated by the start address to a sample position
indicated by the end address and then repetitively advances
from a sample position indicated by the loop start address to
the sample position indicated by the end address. The wave-
form address (integral part) of the phase of the left and right
channels is supplied to a readout & cache section 204, while
the decimal part of the phase of the left and right channels is
supplied to an inter-sample interpolation section (INT) 20f.
The wavetform memory 21 has recorded therein compressed
waveform data and non-compressed, i.e. linear, waveform
data, and, in the time slots of the left and right channels of the
tone generating unit in question, the readout & cache section
20d reads out samples of respective waveform data of the left
and right channels. If the read-out waveform data of the left
and right channels are compressed waveform data, they are
expanded by a decoder (DEC) 20e in the time slots of the left
and right channels of the tone generating unit in question, so
that original left-channel waveform data samples and original
right-channel waveform data samples are output from the
decoder (DEC) 20e. If, on the other hand, the read-out wave-
form data of the left and right channels are linear waveform
data, they pass through the decoder (DEC) 20e in the time
slots of the left and right channels to be output from the
decoder (DEC) 20¢ as left-channel waveform data samples
and right-channel waveform data samples.

The following describe the compressed waveform data
recorded in the waveform memory 21. Waveform data com-
prising successive samples is segmented into a plurality of
frames, and a length-variable compression process is per-
formed on the waveform data on a frame-by-frame basis. The
compressed waveform data of each of the frame is stored at a
predetermined number j of successive addresses of the wave-
form memory 21 where data of n bits can be stored at each
address. At each of the j successive addresses, k samples of
the compressed waveform data, the number of bits of which is
fixed constant within the frame, are stored successively at m
bits of the n bits, while auxiliary information including the
compression information is stored at the remaining, i.e.
(n-m), bits. Thus, when the compressed waveform data is to
be read out from the waveform memory 21, the readout &
cache section 204, in each of the time slots of the left and right
channels of the tone generating unit in question, generates a
memory address that increments or advances by one as the
waveform address supplied from the waveform address gen-
erator (WAG) 20¢ advances by k per sampling period,
accesses the waveform memory 21 with the generated
memory address to read out the data of the n bits, and takes out
the data of the (n—m) bits from the read-out data of the n bits
to thereby output the auxiliary information including the
compression information. Further, the readout & cache sec-
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tion 20d takes out the data of the m bits from the read-out data
of'the n bits and temporarily stores the read-out data of the m
bits into a cache memory. Then, in the time slots of the left and
right channels of the tone generating unit in question, the
decoder (DEC) 20e accesses the cache memory with the
waveform address to sequentially read out the k samples of
the compressed waveform data, and performs an expansion
process on the sequentially-read-out samples of the com-
pressed waveform data, on the basis of the compression infor-
mation, to thereby restore original waveform data.

The compression information to be used to expand the
compressed waveform data is compression information pre-
viously stored in the frame read out immediately before the
current read-out frame. Thus, at an initial stage where there is
no such compression information, the compressed waveform
data is expanded using initial decoder values supplied from
the tone generator registers 23. See Japanese Patent No.
3912304 for details of the compressed waveform data.

Latest two samples of the waveform data of each of the left
and right channels, output from the decoder (DEC) 20e with-
out being converted from the linear data form or after having
been expanded, are supplied to the inter-sample interpolation
section (INT) 20fn a corresponding one of the time slots of
the left and right channels of the tone generating unit. In each
of the time slots of the left and right channels of the tone
generating unit, the inter-sample interpolation section (INT)
20f'performs an interpolation process on the two samples of
the left or right channel on the basis of the decimal part of the
phase of the tone generating unit having been supplied from
the waveform address generator (WAG) 20c¢, to thereby pro-
vide interpolated waveform data of the left or right channel.
Note that, in a case where four-point interpolation is to be
performed by the inter-sample interpolation section (INT)
20f, latest four samples of each of the left and right channels
are supplied from the decoder (DEC) 20e, and the inter-
sample interpolation section (INT) 20f performs an interpo-
lation process on the four samples of each of the left and right
channels on the basis of the decimal part of the phase, to
thereby provide interpolated waveform data of each of the left
and right channels.

The interpolated waveform data of the left and right chan-
nels output from the inter-sample interpolation section (INT)
201 are supplied to a digital control filter (DCF) 20g, where
high frequency components of the interpolated waveform
data are attenuated. Namely, in the time slots of the left and
right channels of the tone generating unit, the digital control
filter (DCF) 20g is supplied with the modulation data (LFO
waveform adjusted in amplitude with an FM depth) from the
LFO 20m and the filter EG waveform from the filter envelope
generator (FEG) 20n, and a cutoff frequency and Q (selectiv-
ity) of the digital control filter (DCF) 20g are controlled in
accordance with the two supplied data, so that respective high
frequency components of the waveform data of the left and
right channels are attenuated. Further, in the time slot of the
tone generating unit, the filter envelope generator (FEG) 20»
is supplied with the FEG parameters (FEGPs), including FEG
rates and FEG levels of individual states, which are common
to the left and right channels. The filter envelope generator
(FEG)20# generates, on the basis of the supplied FEG param-
eters (FEGPs), a filter EG waveform of a plurality of states,
which is common to the left and right channels and whose
value varies every sampling period, and the thus-generated
filter EG waveform is supplied to the digital control filter
(DCF) 20g. The filter EG waveform generation is triggered or
started in response to a tone generation instruction (GT) sup-
plied from the tone generator registers 23.
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The processed waveform data of the left and right channels
output from the digital control filter (DCF) 20g are supplied to
a digital control amplifier (DCA) 20/, where respective tone
volumes of the waveform data of the left and right channels
are controlled. More specifically, in the time slots of the left
and right channels of the tone generating unit in question, the
digital control amplifier (DCA) 20/ is supplied with the
modulation data (LFO waveform adjusted in amplitude with
an AM depth) from the LFO 20m, tone volume EG waveform
from a tone volume envelope generator (AEG) 20p and
sound-image localizing panning data (PANs) from the tone
generator registers 23. Thus, the tone volume of the left-
channel waveform data is controlled in accordance with the
modulation data supplied from the LFO 20m, tone volume
EG waveform and left-channel panning data (PAN(L)), so
that the resultant volume-controlled left-channel waveform
data is output to the left-channel portion of the MIX 20i.
Similarly, the tone volume of the right-channel waveform
data is controlled in accordance with the modulation data
supplied from the LFO 20m, tone volume EG waveform and
right-channel panning data (PAN(R)), so that the resultant
volume-controlled right-channel waveform data is output to
the right-channel portion of the MIX 20i. In this manner, the
left-channel waveform data (i.e., tone data of the left channel)
and right-channel waveform data (i.e., tone data of the right
channel), which have been subjected to sound image local-
ization in accordance with the panning data (PANs), are out-
put to the left-channel and right-channel portions of the MIX
20/ in the time slot of the tone generating unit in question.
Furthermore, in the time slot of the tone generating unit, the
tone volume envelope generator (AEG) 20p is supplied with
the AEG parameters (AEGPs) including AEG rates and AEG
levels of individual states, which are common to the left and
right channels, from the tone generator registers 23. Thus, the
tone volume envelope generator (AEG) 20p generates, on the
basis of the supplied AEG parameters (AEGPs), a tone vol-
ume EG waveform of a plurality of states which is common to
the left and right channels and whose value varies per sam-
pling period, and the thus-generated tone volume envelope
generator (AEG) 20p is supplied to the digital control ampli-
fier (DCA) 20/. The tone volume EG waveform generation is
triggered or started in response to a tone generation instruc-
tion (GT) supplied from the tone generator registers 23.

Within one DAC period, samples of waveform data are
output, in the time slots of the individual tone generating
units, to the left-channel and right-channel portions of the
MIX 20i. Thus, in the time slots of the individual tone gen-
erating units within one DAC period, the MIX 20;i accumu-
lates samples of the waveform data supplied to the left-chan-
nel portion and accumulates samples of the waveform data
supplied to the right-channel portion, separately between the
left channel and the right channel. Then, every DAC period,
stereo waveform data comprising left-channel and right-
channel samples, which are accumulated results for all of the
tone generating units, are output from the MIX 20: to a DAC
205. Every DAC period, the DAC 20j converts the supplied
waveform data into analog stereo waveform signals and sup-
plies the thus-converted analog stereo waveform signals of
the left and right channels to the stereo sound system 22, so
that the stereo waveform signals are sounded or audibly gen-
erated via the sound system 22.

Furthermore, in the time slot of the tone generating unit, the
LFO 20m is supplied with the LFO parameters (LFOPs)
including an LFO frequency, PM depth, FM depth and AM
depth, which are common to the left and right channels, from
the tone generator registers 23. Thus, the LFO 20m generates
an LFO waveform, which is common to the left and right
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channels, of a frequency indicated by the LFO frequency, and
the thus-generated LFO waveform is controlled in amplitude
in accordance with the PM depth, FM depth and AM depth
and then supplied to the FG 20a, DCF 20g and DCA 20/. The
LFO waveform generation is triggered or started in response
to a tone generation instruction (GT) supplied from the tone
generator registers 23. A tone signal can be imparted with a
wah-wah effect by the LFO waveform being supplied to the
DCF 20g, and a tone signal can be imparted with a tremolo by
the LFO waveform being supplied to the DCA 204.

As seen from the foregoing, the phase generation section
111 in the construction of FIG. 1 corresponds to the F number
generator (FG) 20a and phase generator (PG) 205, the wave-
form readout section 112 corresponds to the waveform
address generator (WAG) 20c¢, readout & cache section 204,
decoder (DEC) 20e and inter-sample interpolation section
(INT) 20f, the characteristic control section 113 corresponds
to the digital control filter (DCF) 20g and digital control
amplifier (DCA) 20/, and the control waveform generation
section 116 corresponds to the PEG 20k, LFO 20m, filter
envelope generator (FEG) 20 and tone volume envelope
generator (AEG) 20p which are shown in FIG. 2 as sur-
rounded by a dotted-line rectangular block and which gener-
ate control waveforms varying over time during tone genera-
tion. Further, the control section 122 correspond to the CPU
10.

The above description about the behavior of the various
component of the tone generator section 20 has been given in
relation to the case where stereo tones are generated in the
time slot of the tone generating unit for which the mode flag
indicates the stereo tone generation mode (i.e., tone generat-
ing unit set in the stereo tone generation mode). Note that the
waveform memory 21 has recorded therein monaural wave-
form data and a stereo waveform data pair for each of various
tone colors and for each of various pitch ranges. Thus, when
atone is to be generated in a given tone generating unit of the
tone generation apparatus 1, and if stereo waveform data has
been selected as waveform data to be read out from the wave-
form memory 21, the mode flag indicative of the stereo tone
generation mode is set for the tone generating unit, so that
stereo tones will be generated in the time slot of the tone
generating unit. When a tone is to be generated in a given tone
generating unit of the tone generation apparatus 1, and if
monaural waveform data has been selected as waveform data
to be read out from the waveform memory 21, the mode flag
indicative of the monaural tone generation mode is set for the
tone generating unit, so that a monaural tone will be generated
in the time slot of the tone generating unit. The waveform data
to be read out from the waveform memory 21 is waveform
data selected in accordance with a set tone color, note number,
velocity, etc., and such waveform data is prepared as a stereo
waveform data pair or monaural waveform data in view of
various factors, such as: a factor as to whether the tone color
is one allowing listeners to perceive or recognize a stereo
effect; performance frequency of a pitch range and intensity
with that tone color; and limitations due to a total capacity of
the waveform memory.

The following describe behavior of the various compo-
nents of the tone generator section 20 in a given tone gener-
ating unit, for which the mode flag is set at the value indicative
of the monaural tone generation mode.

Once a new note-on event instruction is detected in the tone
generation apparatus 1, the CPU 10 performs the tone gen-
eration assignment process for assigning an tone generating
unit to generate a new tone corresponding to the note-on and
sets various parameters of the new note-on, shown in FIGS.
3A and 3B, into the region, allocated to the tone generating
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unit, in the tone generator registers 23. Although the mode
flag is indicative of the monaural tone generation mode and
the note-on instructs monaural tone generation in this case, a
two-channel tone generating unit is assigned. Whereas the
instant embodiment has been described above as executing
monaural tone generation by use of various resources of the
left channel of the two channels of the individual tone gener-
ating units provided in the tone generator section 20, the
monaural generation may be performed using various
resources of the right channel.

Once various parameters are set into the region, allocated
to the tone generating unit assigned to the new note-on, in the
tone generator registers 23 and a tone generation start is
instructed to the assigned tone generating unit, the F number
generator (FG) 20a generates an F number in the time slot of
the tone generating unit as in the case where stereo tones are
to be generated, and the phase generator (PG) 206 accumu-
lates the F number per sampling period in the time slot of the
tone generating unit and generates a progressive phase, com-
prising an integral part and decimal part, for generating a read
address to thereby output the generated phase to the wave-
form address generator 20C as in the case where stereo tones
are to be generated.

The waveform address generator (WAG) 20C, in the time
slot of the left channel of the tone generating unit, generates
a waveform address of the left channel of the tone generating
unit on the basis of the left-channel waveform designating
information and loop information of the waveform address
parameters (WAPs) and the integral part of the phase. The
waveform address (integral part) of the left channel output
from the waveform address generator (WAG) 20C is supplied
to the readout & cache section 20d, so that samples of mon-
aural waveform data are read out from the waveform memory
21. The thus-read-out monaural waveform data is supplied to
the decoder 20e, where it is expanded in the time slot of the
left channel of the tone generating unit so that samples of
original monaural waveform data are output from the decoder
20e. Latest two samples of the monaural waveform data,
output from the decoder (DEC) 20¢, are supplied to the inter-
sample interpolation section (INT) 20f. In the time slot of the
left channel of the tone generating unit, the inter-sample
interpolation section (INT) 20fperforms an interpolation pro-
cess on the two samples on the basis of the decimal part of the
phase of the tone generating unit having been supplied from
the waveform address generator (WAG) 20c¢, to thereby pro-
vide interpolated waveform data. The interpolated monaural
waveform data of the monaural tone generating unit output
from the (INT) 20f is supplied to the digital control filter
(DCF) 20g, where high frequency components of the inter-
polated waveform data are attenuated, in the time slot of the
interpolated waveform data, in accordance with the cutoff
frequency and Q (selectivity) corresponding to the modula-
tion data from the LFO 20m and filter EG waveform from the
filter envelope generator (FEG) 20n. Thus, the monaural
waveform data having adjusted high frequency components
is output. As in the stereo tone generation, the PEG 204, FEG
207, AEG 20p and LFO 20m generate a pitch EG waveform,
filter EG waveform, amplitude EG waveform and LFO wave-
form in the time slot of the tone generating unit.

The monaural waveform data output from the digital con-
trol filter (DCF) 20g is supplied to the digital control amplifier
(DCA) 20/, where the monaural waveform data is controlled
in tone volume in the time slots of the left and right channels
of the tone generating unit. The digital control amplifier
(DCA) 207 is supplied with the modulation data from the
LFO 20m, tone volume EG waveform from the tone volume
envelope generator (AEG) 20p and panning data (PANs) from
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the tone generator registers 23. In this case, the monaural
waveform data is controlled in tone volume in accordance
with the modulation data from the LFO 20, tone volume EG
waveform and panning data of the left channel (PAN(L)) and
then output to the left-channel portion of the MIX 20i, while
the monaural waveform data is controlled in tone volume in
accordance with the modulation data from the LFO 20, tone
volume EG waveform and panning data of the right channel
(PAN(R)) and then output to the right-channel portion of the
MIX 20;. In this manner, the monaural waveform data which
have been subjected to sound image localization in accor-
dance with the panning data (PANs) are output, as left-chan-
nel and right-channel tone data, to the left-channel and right-
channel portions of the MIX 20; in the time slot of the tone
generating unit in question.

In the MIX 20i, the monaural waveform data sample sup-
plied to the left-channel portion of the MIX 20; in the time slot
of the tone generating unit is accumulated with waveform
data samples supplied to the left-channel portion in the time
slots of the other tone generating units, while the monaural
waveform data sample supplied to the right-channel portion
of the MIX 20i in the time slot of the tone generating unit is
accumulated with waveform data samples supplied to the
right-channel portion in the time slots of the other tone gen-
erating units. Thus, the waveform data samples of the left and
right channels accumulated for all of the tone generating units
in one DAC period are output from the MIX 20i to the DAC
20j. Every DAC period, the DAC 20; converts the supplied
waveform data samples into analog stereo waveform signals
and supplies the thus-converted analog stereo waveform sig-
nals of the left and right channels to the sound system 22.
Thus, via the sound system 22 are audibly generated or
sounded stereo waveform signals that is a mixture of stereo
signals of the stereo tone generating units and monaural sig-
nals of the monaural tone generating units having been sound-
image-localized in accordance with the panning data (PANs).

In the tone generating unit set in the monaural tone gen-
eration mode, as set forth above, the waveform address gen-
erator 20c, readout & cache section 204 and decoder 20e,
each of which has resources available to two (left and right)
channels, are used in processing of only one of the two chan-
nels, and thus, the resources available to the remaining one
channel remain unused. Thus, if arrangements are made such
that all of these resources are diverted to readout of monaural
waveform data samples per sampling period of the tone gen-
erating unit, it is possible to read out and decode twice as
many samples per sampling period, and thus, in the monaural
tone generation, an upward pitch shift twice as much as an
ordinary upward pitch shift can be executed during monaural
tone generation.

FIG. 7 is a flow chart showing an example operational
sequence of note-off event processing performed by the CPU
10 in response to a note-off instruction instructing a start of
attenuation of a tone. The note-off instruction is a MIDI
message instructing a start of attenuation of atone and accom-
panied by parameters of a part number indicating of which
part the note-off is an instruction (i.e, to which part the note-
off instruction is directed) and a note number indicative of a
pitch of the tone whose attenuation is to be started. For
example, once any one of the keys having so far being
depressed is released on the keyboard provided as the control
unit 13, a note-oft message is generated which includes a part
number indicative of a part controlled by the keyboard and a
note number of the released key. In some cases, a note-off
instruction is received from external equipment via the com-
munication interface 15.
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Once a note-off instruction is detected, the CPU 10 starts
up the note-off event processing shown in FIG. 7. First, at step
S20, a part number of a tone for which the note-off has been
instructed is stored into the region PT secured in the working
area of the RAM 12, and a note number of the tone is stored
into the region NN secured in the working area. At next step
S21, an operation is performed for detecting, from among all
of the tone generating units currently generating tone data in
the tone generator section 20, for a particular tone generating
unit currently generating the tone of the pitch indicated by the
note number of the region NN in the part indicated by the part
number of the region PT. Once such a particular tone gener-
ating unit is detected, the unit number of the detected tone
generating unit is stored into a region DU secured in the
working area of the RAM 12. Then, at step S22, the CPU 10
determines whether such a particular tone generating unit
currently generating the tone of the pitch indicated by the note
number of the region NN in the part indicated by the part
number of the region PT has been detected. If it has been
determined that such a particular tone generating unit has
been detected, the CPU 10 proceeds to step S23. At step S23,
the CPU 10 writes a value “1” into an attenuation start flag RT
(DU) to thereby issue a release start instruction to the tone
generating unit indicated by the unit number stored in the
region DU. In this manner, the note-off event processing is
brought to an end, so that the pitch envelope generator (PEG)
20%, filter envelope generator (FEG) 20 and tone volume
envelope generator (AEG) 20p of the tone generator section
20 shift, in response to the release start instruction (RT
(DU)<-1), all of the pitch EG waveform, filter EG waveform
and amplitude EG waveform, currently being generated in the
time slot of the tone generating unit in question, to a release
state. The amplitude EG waveform having been shifted to the
release state gradually decreases from the current level
toward a zero level (—) at a release-state AEG rate supplied
from the tone generator registers 23, so that tone data of the
left and right channels currently being generated in the time
slots of the left and right channels gradually attenuate in tone
volume toward the zero level. If the tone generating unit
currently generating the tone of the pitch, indicated by the
note number of the region NN in the part indicated by the part
number of the region PT, has not been detected as determined
at step S22, the CPU 10 terminates the note-oft event pro-
cessing without performing any other operations. Further, if
any tone generating unit having attenuated sufficiently has
been detected, the CPU 10 performs a release operation for
releasing the detected tone generating unit as the above-
mentioned “empty tone generating unit”.

Note that the instant embodiment is characterized in that
the attenuation start instruction operation performed at step
S23 (indicated by mark “*”) is substantively the same
between the stereo tone generation mode and the monaural
tone generation mode.

FIG. 8 is a flow chart of pitch bend processing performed
by the CPU 10 in response to detection, during generation of
atone, of a pitch bend command. The pitch bend command is
a command (MIDI message) that causes pitches of one or
more tones, which are being generated in one part, to vary in
real time, and the pitch bend instruction is accompanied by
parameters of a part number indicating to which one of the
parts the pitch bend command has been directed and a bend
amount indicative of a pitch change amount. For example,
once a pitch bend wheel provided as the performance control
unit 13 is operated, a part number indicative of a part con-
trolled by the pitch bend wheel and a pitch bend command
containing a bend amount corresponding to an amount of the
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operation are generated. In some cases, a pitch bend com-
mand is received from external equipment via the communi-
cation interface 15.

Once such a pitch bend command is detected, the pitch
bend processing of F1G. 8 is started. First, at step S30, the part
number and bend amount accompanying the pitch bend com-
mand are stored into the regions PT and PV, respectively,
secured in the working area ofthe RAM 12. Then, at step S31,
the first or leading-end tone generating unit of the 128 tone
generating units is designated, and the unit number of the
designated tone generating unit is stored into a region CU.
Then, at step S32, the CPU 10 performs an operation for
detecting, from among the tone generating units, a particular
tone generating unit currently forming tone data of the part
number stored in the region PT, starting with the unit number
stored in the region Cu, i.e. in a direction from the tone
generating unit of the unit number stored in the region CU
toward the last or trailing-end tone generating unit. If such a
tone generating unit currently forming tone data of the part
number stored in the region PT has been detected, the unit
number of the detected tone generating unit is stored into the
region DU secured in the working area of the RAM 12. Then,
a determination is made, at step S33, as to whether the tone
generating unit currently forming tone data of the part num-
ber stored in the region PT has been detected, and, with an
affirmative (YES) determination at step S33, the CPU 10
moves on to step S34.

At step S34, a value of a pitch shift PS(DU), common to the
left and right channels of the tone generating unit indicated by
the unit number stored in the region DU of the tone generator
registers 23, is changed on the basis of the note number of the
tone being generated in the tone generating unit and the bend
amount stored in the region PV. Upon completion of the
operation of step S34, the CPU 10 goes to step S35 to incre-
ment the unit number stored in the region DU by one and
stores the incremented unit number into the region CU, after
which it reverts to step S32. At step S32, the CPU 10 further
performs the operation for detecting, from among the tone
generating units, a particular tone generating unit currently
forming the tone data of the part number stored in the region
PT, starting with the tone generating unit of the incremented-
by-one unit number stored in the region CU. If such a tone
generating unit currently forming the tone data of the part
number stored in the region PT has been detected, the unit
number of the detected tone generating unit is stored into the
region DU, and then operations at and after step S33 are
performed. By the operations at step S32 through to step S35
being repetitively performed, all of the tone generating units
which are currently forming the tone data of the part number
stored in the region PT are detected, and the value of the pitch
shift PS(DU), common to the left and right channels of each
of the detected tone generating units, is changed on the basis
of the bend amount stored in the region PV. When all of the
tone generating units currently forming the tone data of the
part number stored in the region PT have been detected and it
has been determined at step S33 that there is no more tone
generating unit currently forming the tone data of the part
number stored in the region PT, the pitch bend event process-
ing is brought to an end. As a result of the aforementioned
pitch bend event processing, the pitches of all of the tone data
of'the part number indicated by the pitch bend command vary
(bend) in accordance with the bend amount indicated by the
pitch bend command.

Note that the instant embodiment is characterized in that
the pitch change operation performed at step S34 (indicated
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by a mark “*”) is substantively the same between the stereo
tone generation mode and the monaural tone generation
mode.

As set forth above, the note-on event processing, note-off
event processing and pitch bend event processing is per-
formed on a tone generating unit generating tone data to be
controlled, irrespective of where the tone data to be controlled
is to be generated monaurally or stereophonically. The mon-
aural tone generation seemingly appears to involve a lot of
waste because a portion of the resources of the tone generat-
ing unit remains unused. But, in view of the current tendency
that tone colors using high-quality stereo tone are increasing,
the resources are not wasted so much as a matter of fact, and
thus, the advantage of reducing the load on the CPU 10 is far
greater than the disadvantage of the wasted resources.

Further, in the above-described embodiment of the tone
generator apparatus, either the stereo tone generation mode or
the monaural tone generation mode is set individually for
each of the tone generating units. With this arrangement, the
tone generating unit set in the stereo tone generation mode
and the tone generating unit set in the monaural tone genera-
tion mode are allowed to generate tone data in a parallel
fashion.

Whereas the embodiment of the tone generation apparatus
of the present invention has been described above in relation
to the case where the waveform memory has recorded therein
compressed waveform data as well, the present invention is
not so limited, and the waveform memory may have recorded
therein only non-compressed waveform data. In such a case,
the decoder 20e that performs the waveform expansion pro-
cess may be dispensed with. Further, whereas the embodi-
ment of the tone generation apparatus of the present invention
has been described above in relation to the case where the
number of the tone generating channels employed in the tone
generation apparatus is 256, the present invention is not so
limited, and the number of the tone generating channels may
be more or less than 256. In either case, it is essential that the
number of the tone generating units be half the number of the
tone generating channels.

Furthermore, in the above-described embodiment, each of
the components (blocks) having resources available to stereo
two channels, such as the waveform address generator (WAG)
20c¢, readout & cache section 20d, decoder (DEC) 20e, inter-
sample interpolation section (INT) 20f; digital control filter
(DCF) 20g, etc., is constructed to perform processing on
monaural waveform data by use of the left-channel resources
in the time slot of the tone generating unit set in the monaural
tone generation mode. However, each of the aforementioned
components (blocks) having resources available to stereo two
channels may be modified to perform processing on monaural
waveform data by use of the right-channel resources.

Furthermore, the truncate unit determination process per-
formed in the embodiment of the tone generation apparatus
has been described as determining a to-be-truncated tone
generating unit on the basis of the tone volume level of the left
channel of the tone generating unit currently generating a
tone of an object-of-search part. Alternatively, a to-be-trun-
cated tone generating unit may be determined on the basis of
the tone volume level of any one of'the left and right channels
which is greater than the tone volume level of the other of the
left and right channels. Further, the truncate unit determina-
tion process performed in the embodiment has been described
as determining a to-be-truncated tone generating unit irre-
spective of whether the tone generating unit in question is at
a stage before the start of a release or at a stage after the start
of a release. Alternatively, a tone generating unit where a
release has already started may be determined as a to-be-
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truncated tone generating unit with a higher priority. Further-
more, whereas the embodiment of the tone generator appara-
tus has been described as first narrowing down the search to a
particular part and then determining a to-be-truncated tone
generating unit on the basis of a tone volume level of a tone
generating unit currently generating a tone of the particular
part, such an operation of narrowing down the search may be
dispensed with, and a to-be-truncated tone generating unit
may be determined on the basis of tone volume levels of tone
generating units currently generating tones of all of the parts.

Whereas the CPU 10 in the above-described embodiment
is constructed to set pitch shift data (PS), which is an F
number represented in the cent scale, into the tone generator
registers 23, the CPU 10 may be constructed to set an F
number, represented in the linear scale, into the tone genera-
tor registers 23. In such a case, there is no need for the F
number generator 20a to convert the F number, set by the
CPU 10, from the cent scale to the linear scale. However,
because the construction employed in the F number generator
20a for synthesizing the F number from the CPU 10, pitch EG
from the pitch envelope generator (PEG) 204 and modulation
data from the LFO 20m would be complicated, storing the F
number represented in the linear scale is not suitable from the
viewpoint of the design of the apparatus.

Furthermore, whereas control responsive to a pitch bend
command has been described above as an example of control
for controlling a value of a control parameter in real time, the
real time control performed in the present invention is not so
limited. For example, real-time control may be performed in
response to an expression command for controlling a tone
volume in real time, a modulation depth command for con-
trolling in real time a depth of modulation, by an LFO, of an
amplitude or the like, a parameter change command for con-
trolling a cutoff frequency in real time, and/or the like.

This application is based on, and claims priorities to, JP PA
2010-174517 filed on 3 Aug. 2010, JP PA 2010-174518 filed
on3 Aug. 2010 and JP PA 2010-174519 filed on 3 Aug. 2010.
The disclosure of the priority applications, in its entirety,
including the drawings, claims, and the specification thereof,
are incorporated herein by reference.

What is claimed is:

1. A tone generation apparatus comprising:

a waveform memory (21) storing a plurality of stereo
waveform data, each stereo waveform data comprising
waveform data of a left-channel waveform and wave-
form data of a right-channel waveform;

a tone generator (111, 112, 113, 116) which includes N (N
is an integer equal to or greater than one) tone generating
units (111, 112, 113, 116), each tone generating unit
reads out waveform data for a left-channel and a right-
channel from said waveform memory and generates tone
waveforms of the left-channel and the right-channel
based on the read-out waveform data;

registers (23) storing control data for the N tone generating
units, control data for each tone generating unit includ-
ing left-channel waveform information specifying
waveform data of a left-channel waveform in said wave-
form memory, right-channel waveform information
specifying waveform data of a right-channel waveform
in said waveform memory, a frequency number for con-
trolling a tone pitch, and a characteristic control param-
eter for controlling a tone characteristic; and

a controller (122, 10) which sets control data to said reg-
isters to control tone generation by said tone generator,
wherein
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said controller (122, 10) being adapted to, in response to a
tone generation command instructing generation of a
new tone:

(1) assign (S11-S15) one of the N tone generating units to
generate the new tone instructed by the tone genera-
tion command;

(ii) generate (S17) control data for the new tone includ-
ing left-channel waveform information and right-
channel waveform information, a frequency number
and a characteristic control parameter which are to be
used for the generation of the new tone, and set the
generated tone control data into said registers, as con-
trol data for the assigned tone generating unit; and

(iii) give (S18) to the assigned tone generating unit a
tone generation start instruction, and wherein

said tone generator (111, 112, 113, 116) being adapted to,
by means of each one tone generating unit in response to
the tone generation start instruction given to the one tone
generating unit by said controller:

(1) read out (111, 112) waveform data of a lefi-channel
waveform and waveform data of a right-channel
waveform, specified by the left-channel and right-
channel waveform information, respectively, stored
in said registers for the one tone generating unit, from
said waveform memory at a rate corresponding to the
frequency number stored in said registers for the one
tone generating unit to thereby shift a tone pitch of the
waveform data of the left-channel waveform and a
tone pitch of the waveform data of the right-channel
waveform in accordance with the frequency number;
and

(ii) control (113, 116) a tone characteristic of the read-
out waveform data of the left-channel waveform and a
tone characteristic of the read-out waveform data of
the right-channel waveform on the basis of the char-
acteristic control parameter, stored in said registers
for the one tone generating unit, to thereby generate a
tone waveform of the left channel and a tone wave-
form of the right channel.

2. The tone generation apparatus as claimed in claim 1,
wherein said tone generator includes a phase generator (111,
205) which, for each of the N tone generating units, accumu-
lates the frequency number stored in the registers for the tone
generating unit, to thereby generate a progressive phase com-
mon to the left-channel and the right-channel in the tone
generating unit, and

wherein, in response the tone generation start instruction
given to one tone generating unit by said controller, said
phase generator starts accumulation of the frequency
number for the one tone generating unit.

3. The tone generation apparatus as claimed in claim 2,
wherein said tone generator further includes a waveform
reader (112, 20c, 20d, 20f) which, for each of the N tone
generating units, reads out waveform data of a left-channel
waveform from said waveform memory on the basis of the
progressive phase for the tone generating unit supplied by
said phase generator and the left-channel waveform informa-
tion for the tone generating unit stored in said registers and
reads out waveform data of a right-channel waveform from
said waveform memory on the basis of the progressive phase
for the tone generating unit and the right-channel waveform
information for the tone generating unit stored in said regis-
ters.

4. The tone generation apparatus as claimed in claim 3,
wherein said tone generator further includes a characteristic
controller (113, 116, 20g, 204, 20k, 20m, 207, 20p) which, for
each of the N tone generating units, controls the tone charac-
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teristic of the waveform data of the left-channel waveform
and the tone characteristic of the waveform of the right-
channel waveform read out by said waveform reader, on the
basis of the characteristic control parameter for the tone gen-
erating unit stored in said tone generator register, to thereby
generate respective tone signals of the left channel and the
right channel for the tone generating unit.

5. The tone generation apparatus as claimed in claim 1,
wherein said characteristic control parameter is a parameter
for generating a control waveform, and said tone generator
includes a control waveform generator (116, 20k, 20m, 20n,
20p) which, for each of'the N tone generating units, generates
a control waveform common to the left channel and the right
channel in the tone generating unit and varying in value over
time on the basis of the characteristic control parameter
stored in said registers for the tone generating unit, and

wherein said tone generator, for each of the N tone gener-
ating units, controls the tone characteristic of the wave-
form of the left-channel waveform and the tone charac-
teristic of the waveform data of the right-channel
waveform data on the basis of the control waveform
generated for the tone generating unit by said control
waveform generator.

6. A tone generation apparatus comprising:

a waveform memory (21) storing a plurality of stereo
waveform data, each stereo waveform data comprising
waveform data of a left-channel waveform and wave-
form data of a right-channel waveform and a plurality of
monaural waveform data, each monaural waveform data
comprising waveform data of a monaural waveform;

a tone generator (111, 112, 113, 116) which includes N (N
is an integer equal to or greater than one) tone generating
units (time slots), each tone generating unit operates in
either a stereo mode or a monaural mode indicated by a
mode flag for the tone generating unit, a tone generating
unit in the stereo mode reads out waveform data for a
left-channel and a right-channel from said waveform
memory and generates tone waveforms of the left-chan-
nel and the right-channel based on the read-out wave-
form data, and a tone generating unit in the monaural
mode reads out waveform data for one channel from said
waveform memory and generates atone waveform of the
one channel based on the read-out waveform data;

registers (23) storing control data for the N tone generating
units, control data for each tone generating unit includ-
ing the mode flag, first waveform information, second
waveform information, a frequency number and a char-
acteristic parameter; and

a controller (122, 10) which sets control data to said reg-
isters to control tone generation by said tone generator,
wherein

said controller (122, 10) being adapted to, in response to a
tone generation command instructing generation of a
new tone:

(1) assign (S11-S15) one of the tone generating units to
generate the new tone instructed by the tone genera-
tion command;

(ii) determine (S16) whether the new tone instructed to
be generated by the tone generation command is ste-
reo or monaural;

(iii-a) if the new tone is stereo, generate (S17) control
data for the new tone including a mode flag indicative
of the stereo mode, first waveform information, sec-
ond waveform information, a frequency numberand a
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characteristic parameter which are to be used for gen-

eration of the new tone, and set the generated control

data into said registers, as control data for the assigned
one tone generating unit;

(iii-b) if the new tone is monaural, generate (S17) con-
trol data for the new tone including a mode flag
indicative of the monaural mode, first waveform
information, a frequency number and a characteristic
parameter which are to be used for generation of the
new tone, and set the generated control data into said
registers, as control data for the assigned one tone
generating unit; and

(iv) give (S18) to the assigned one tone generating unit a
tone generation start instruction, and wherein

said tone generator (111, 112, 113, 116) being adapted to,
by means of each one tone generating unit in response to
the tone generation start instruction given to the one tone
generating unit by said controller:

(a) if the mode flag for the one tone generating unit
stored in said registers is indicative of the stereo
mode,

(a-1) read out waveform data of a left-channel or right-
channel waveform, specified by the first waveform
information for the one tone generating unit in said
registers, and waveform data of a right-channel or
left-channel waveform, specified by the second
waveform information for the one tone generating
unit in said registers, from said waveform memory
at a rate indicated by the frequency number for the
one tone generating unit in said registers;

(a-ii) control a tone characteristic of the read-out
waveform data of the left-channel waveform and a
tone characteristic of the read-out waveform data of
the right-channel waveform on the basis of the
characteristic control parameter of the one tone
generating unit in said registers, to thereby generate
a tone waveform of the left channel and a tone
waveform of the right channel;

(b) if the mode flag for the one tone generating unit
stored in said registers is indicative of the monaural
mode,

(b-1) read out monaural waveform data, specified by
the first waveform information for the one tone
generating unit in said registers, from said wave-
form memory at the rate indicated by the frequency
number for the one tone generating unit in said
registers; and

(b-ii) control a tone characteristic of the read-out
waveform data of the monaural waveform on the
basis of the characteristic control parameter for the
one tone generating unit in said registers, to thereby
generate a monaural tone waveform.

7. The tone generation apparatus as claimed in claim 6,
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said controller (122, 10) is further adapted to, in response to
a control command designating a value change of a
frequency number of a tone being generated:

identify (S31-S33, S35) one tone generating unit, currently
generating the tone to be controlled in accordance with
the control instruction, from among the N tone generat-
ing units; and

change (S34) a value of the frequency number for the
identified tone generating unit, stored in said registers,
into a value designated by the control command, and
wherein

said tone generator (111, 112, 113, 116) is further adapted
to, in response to a change by said controller of the value
of the frequency number:

(a) if the mode flag for the identified tone generating unit
stored in said registers is indicative of the stereo
mode, control a readout rate, at which waveform data
of a left-channel waveform and waveform data of a
right-channel waveform are being read out from said
waveform memory, in accordance with the changed
value of the frequency number; and

(b) ifthe mode flag for the identified tone generating unit
stored in said registers is indicative of the monaural
mode, control a readout rate, at which waveform data
of' a monaural waveform data is being read out from
said waveform memory, in accordance with the
changed value of the frequency number.

8. The tone generation apparatus as claimed in claim 6,

wherein

said controller (122, 10) is further adapted to, in response to
a control command designating a value change of a
control parameter of a tone being generated:

identify (S31-S33, S35) one tone generating unit, currently
generating the tone to be controlled in accordance with
the control instruction, from among the N tone generat-
ing units; and

change (S34) a value of the control parameter for the iden-

tified tone generating unit, stored in said registers, into a

value designated by the control command, and wherein

said tone generator (111, 112, 113, 116) is further adapted
to, in response to a change by said controller of the value
of the control parameter):

(a) if the mode flag for the identified tone generating unit
stored in said registers is indicative of the stereo
mode, control a tone characteristic of the read-out
waveform data of a left-channel waveform and a tone
characteristic of the read-out waveform data of a
right-channel waveform in accordance with the
changed value of the control parameter; and

(b) ifthe mode flag for the identified tone generating unit
stored in said registers is indicative of the monaural
mode, control a tone characteristic of the read-out
waveform data of a monaural waveform in accor-
dance with the changed value of the control param-
eter.



